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This circular presents part I of a summary of the occurrence, milling, 
and metallurgy of manganese in the United States. An attempt has been 
made to assemble the data on manganese and its metallurgically important 
compounds which have been obtained in several years of research in the 
Bureau Of Mines laboratories, as well as most of the published data of 
other investigators. Parts II, III, and IV will contain chapters on = 


» 


thermody naat¢ properties and metallurgy. Part V comprises the bibliography 
and index. 


The experimental work reported herein was done in cooperation with the 
University of Missouri School of Mines, Rolla, Mo.; the University of 
Minnesota, Minneapolis, Minn.; the Carnegie Institute cf Technology and the 
Metallurgical Advisory Board, Pittsburgh, Pa.; and the University of 
Nevada, Reno, Nev. 


£ Throughout parts I to IV, numbers in parentheses refer to items in this 
bibliography, and page numbers to thore in the reference cited. 


1667 : -|-: 


Google 


I.C. 6768 


CHAPTER 1. PHYSICAL PROPERTIES AND PREPARATION OF METALLIC 
MANGANESE 


By R. S. Dean’ 


PURE MANGANESE 


Although manganese is one of the commoner metals, as judged by the dis- 
tribution of its compounds in the earth's crust, comparatively little is 
known about the element itself, due to the difficulty of obtaining the metal 
in a high state of purity. Manganese of more than 99 percent purity has 
been available only since the introduction of vacuum distillation in the 
high-frequency furnace by Gayler (107) in England and Friauf (98, 255) in 
this country. 


Table 1, from Gayler (107), gives the analyses of distilled manganese. 


TABLE 1. - Analyses of Distilled Manganese, Percent 


= Man- 


le | Sulphur | Silicon ium} ganese 


I aad 
Camel 
_ 


maieo OW Pe 
1 


0.012 | nt Nil | L/99.5 
1/ By difference, 99.87. 


NOTH.~ Cn similar samples the nitrogen content was found to be 0.01 percent 
or less.. 


Manganese of this purity as distilled or after vacuum melting is reported 
vy both Gaylor and Friauf to be silver-gray and very brittle. It is hard 
enough tc scratch glass and will not tarnish in air, 


The question whether the absolutely pure metal is ductile must remain 
unanswered. Corson (59) believes that the pure metal is ductile. He bases 
this opinion on the fact that Zhemchuzhny was able to obtain ductile man- 
ganese and draw it to fine wires by the simple expedient of adding about 


3 Chief engineer, Metallurgical Division, U. S. Bureau of Mines. 
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3 percent copper to the aluminothermic product. Corson suggests that the 
copper brings the silicides, prune ces: nitrides, and carbides into a less 
harmful form of distribution. 


Dyson (78) describes manganese prepared by electrolysis of aqueous 
chloride solution as having a faint pink tinge and being seft and easily _ 
polished. The annual report of the National Physical Laboratory for 1924 
states that the product of such an electrolysis is subject to disintegration 
and oxidation, indicating that it is essentially different from the dis- 
tilled product. Campbell (44) found Srectagirte manganese brittle even 
when annealed to remove hydrcgen. 


hese differences with regard to the properties of metallic manganese 
find an explanation in the existence of several allotropic forms cf the 
element. ‘Gayler (107) has found four transformations accompanied by marked 
thermal mhenemene: ecOusTine, at the following temperatures. 
OG, | an ae | 0G, 
S$ = (3) «6742 «FE 


= (2) -1,191 £1 
: 20 (4) 682 + 1 


+ 
(2) 4,024 + 
Microscopic examination indicates that transformaticn 5 is accompanied 

by a change in crystal structure, while no such change is apparent with re- 
gard to transformation 4. Moreover, one of these transformations is accom- 
panied by a marked change of volime, which is so great that an ingot formed 
by melting the distilled metal in vacuo is Giecnee extensively on cooling. 


‘Westgren ‘and. ‘Phragmen. (388) have chown ty X-ray spectrometry that 
electrolytic manganese: is tetragcnal. with 


A= 3.774 + 0.0034; ¢'= 3.533 * 0.003A; o/a = 0.937. 


Since the manganese produced by distillation has a cubic lattice, this ex- 
plains sufficiently the difference of properties between. distilled and 
electrolytically deposited manganese without recourse to assumed effects 

of impurities. The investigations of Perrson and Chman (303) show that by al- 
loyinz. ma nex.ese with smallamounts -of copper and guenching from femperatures 
above 1,160 C. structures showing the tetragonal lattice of electrolytic 
manganese may be obtained. By varying the amount of copper and extrapolat; 
ing to pure manganese the parameters of this /f manganese are obtained as 


a= 3.776 x 0.005; b= 3.525 £ 0.008; Gla = 0.984, 
By compar ine these with the parameters given by Westeren and Phragmen 
cuoted above, it is evident ‘that this high-temperature form of manganese 
is identical with the electrolytic form. Ferrson and Chman also found that 
this high-temperature form, when stabilized: by ‘small amounts of copper, is 
soft and ductile, which is in eeresvent = the observations of Zhemchuzhny. 


The Y form of manganese, - iether formed by © ‘electrolysis or menching is 
rapidly transformed to A manganese When heated to (150°... and even at room 
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temperature is completely changed after a few weeks. This instability is 
aqoubtless responsible for the variation in properties described. 


The trensfommatign found thermally by Gayler (107) at 1,024°C.. was not 
found by Ferrson and Uhman (303) in their study of crystal form as revealed 
by X-ray methods. Neither was it found in the further work of Geyler (108). 


According to Schulze (343), commercial manganese is frequently found to 
be a mixture of the olform with another very complicated structure. By 
heating this commercial manganese to 1,000°C. and quenching, X-ray studies « 
show only the second complicated structure which has been called 7 manganese. 
This structure is a cubic lattice with 20 atoms to the unit cube, while 
manganese has 56 atoms to the unit cube. The transfcrmationQ® a= /Gis 
identified with the thermal chango found by Gayler at 742°C. The transition 
at 682°C. is unaccompanied by a change in structure. Bradley (33) suggested 
that the two forms of manganese occur ina state of isodynamic iscmerism 
within the temperature interval 6509-850°C. and that the equilibrium gradually 
phifts over to the 3 modification as. the temperature is raised. Perrson and 
Ohman (303), however, found no trace of manganese in the pure metal quenched 
from 730°C ., while. that. quenched from 760°C. showed only faint % lines. 


Bernal (23) ig proposed that otha ana/d manganess. are alloys and 
points out: that their structures are such that if manganese were not known 
to be an element they would certainly be counted as alloy structures. 
manganese is, in fact, isomorphous with AlAgz. The sudden break in the 
atomic volume curve at, manganese is adduced as further evidence that both 
and /“Smanganese. may be, in fact, alloys. Additional suppert for this viow is 
found in the peculiar behavior of manganese during work hardening by the pen- 
dulum tester. Sandifer (334) reports that the hardness falls from 77 to 30 
as the pendulun. euties: some 40 times... This effect may be due, however, to. 
cracking. 


In summary aoe Pageenee eXists in three well-defined crystalline 
varietiess: | | 


a = 56 atoms per unit cubes. a = 8.89; stable.below 742°C. 
/3 = 20 atoma per unit cube;. a = 6.28; ‘stable 742° ~ 1,191°C. 
y= ried a = 3.774 + 0.003A; stable 1,191°-M.P. 
ee c = 3.533 + 0. OOSA. - 
c/a 3.0.987.. 


The O and (Storms are brittle at room temperatures. The /3 form becomes 
slightly malleable at.900°C. ‘The dG form is soft and ductile. By elec- 
trolysis the y-form.is obtained ina metastable state. 


The melting point »f manganese is given by Gayler as 1,244 + S°C. 
which is some 20° higher than that obtained by earlier investigators and is 
presumably to be aceepted as accurate, because of the high purity of Gayler's 
sample, although this value stands otherwise unsupported. The vapor pressure, 
4 Values for the parameters taken from Ewald and Hermann's Struckturbericht. 
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specific heat, and other thermodynamic properties of manganese are discussed 
in part II, chapter 5. | | 


The specific gravity is variously given, depending on the sample used. 
Figures ranging from 7.05 to 8.01 have been recorded. ‘The true density of 4 
manganese from X-ray measurements is given by Preston (309) as 7.44, The 
atomic volume of manganese is given by Goldschmidt (118) a as 14.85°107<*, 


The volume change on solidification of manganese has been investigated 
by Matsuyama (245), who fcund that a contraction of 1.7 percent, a compara- 
tively small shrinkage, occurs on solidification. The figure for copper is 
4.2 aluminum 6.26, silver 5.00, and iron 5. 5. For detailed consideration of 
manganese in various states see chapter 5, | 


The a linear compressibility of manganese is given by Bridgeman 
(40) as 2.6 107 This figure is about ncrmal with se to the position 
of manganese in the periodic table. 


The electrode potential of bsatiatiy -Cuaiena ad eastye le 99.6 percent 
manganese, prepared by electrolysis of manganese salts into a mercury. cathode 
and subsequent distillation of the mercury and melting in hydrogen, is given 
by Royce and Kahlenberg (321) as 1.45 volts, based on the value+0O.560 for 
the normal calomel electrode. The magnitude of this potential is confirmed 
by the replacement of zinc, cadmium, iron, cobalt, nickel, lead, hydrogen, 
copper, and silver from their sclution by metallic manganese. 


The atomic electrical conductance of manganese is given by Kraus (214) 
as 0.6561. This and most other figures in the literature for the electrical 
conductance of manganese seem to be based on the work of Kuh (222). Stated 
in terms of specific resistance, Kuh's value is 82-10-5 ohms per cubic 
centimeter at room temperature. Hume-Rothery (174), however, gives 5-107. 
No data are available for the temperature coefficient. 


The magnetic susceptipility of manganese is given by the International 
Critical Tables as 9.9:10 ° at 18°C. More recent figures obtained by Mary 

H. Wheeler (according to a letter from Pref. L. W. McKeeban, Yale University), 
are 10.58°10°© for & manganese and 9. 70° 1075 for, manganese. Accordingly, 
it is one of the more strongly paramagnetic metals. _Kuh states that manganese 
fused in hydrogen is ferromagnetic. At H = 12,000 02.2; H, = 670; and 

a= 7.24. (The /-H curve for ‘this manganese is given in “the International 
Critical Tables, vol. 6, p. 409, fig. 47.) — 


Freeze has confirmed Kyh's findings concerning ‘the ferromagnetism of 
Manganese fused in hydrogen, but found that elec¢troelytic manganese or films 
of manganese prepared by sputtering in hydrogen‘were not ferromagnetic. 

Oscherifeld (286) finds ‘that manganese is mado ferromagnetic by heating 


above 1,000°C. in nitrogen, whereby a. solid solution of nitrogen in 
manganese ie formed which is stable at room’ temperature. ' 
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Preparation of Metallic Manganese 


Manganese is prepared commercially by heating manganese oxide with 
aluminum. Gayler (107) reports that if MngO4 is used it can be rore easily 
ignited and better results obtained. Hadfield (140) gives the analyses of 
commercial metallic manganese shows in table 2. This method is due to 
Goldschmidt and Vautin (117). 


TASLE 2. — Analyses of Commercial Metallic Manganese, Percent 


Manganese .. 90.35 92.20 | 95.50 
Carbon ...e-c 1.18 1.04 -08 
Silicon .... 92 4.96 | 1.40 
Sulphur eevee a oe a 
Phosphorus . | .27 0.36 - 
Aluminum ... | - ~ = 


Iron eoceenee ts. 
Lf This was a special high-grade manganese from Thermit, Ltd. 


Debuigne, in British Patent 221233, August 31, 1923, claims that the 
adéition of oxides or hydroxides such as Ca(0H)5 to the alumino thermic 
mixture lowers the reaction temperature and prevents reduction 2f Si0p. 


The electrodeposition of manganese may be accomplished from either 
sulphate or chloride solutions in water provided sufficient ammonia is 
present to neutralize the acid formed (91). 


According to Allmand and Campbell (5) the best conditions for the 
electrodeposition of pure manganese are the electrolysis of a solution 
containing manganous and ammonium sulphates separated by a diaphragm from 
the anolyte (ammonium gulphate solution) the hydregen ion concentration 
being kept at 1076-10°° by regulated additions of sulphuric acid or ammonia. 
The temperature is 30°C., the cathode current density 10-15 amp. /am?. The 
rotary aluminum cathode has a burnisher pressing against it. 


Electrolytic manganese is the unstable ee modification, the properties 
of which have already been described. Its density is considerably lower 
than for the distilled metal. Campbell gives the density as 7.0304. 


Blectrolysis from fused silicates containing some iron gave only iron 
with 0.8 percent of manganese (45, 271). 
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CHAPTER 2. MANGANSSE IN NONFERROUS ALLOYS 


By R. 8S. Deand 


- MANGANESE AS A SCAVENGER 


Manganese has been said to be the universal cure-all and tonic for the 
metallurgist. It appears in the formula for almost every alloy that has been 
patented or described in detail. The full explanation of this effect of 
manganese is by no means available; however, the position of manganese as a 
transition element between the highiy electropositive elements and the 
heavy metals apparently makes it valuable. 


Thus manganese is sufficiently electropositive to have a high affinity 
for sulphur and a sulphide of essentially nonmetallic prceperties, yet the 
metal is not too volatile or easily oxidized to be readily used as an ad- 
dition. Furthermore, manganese forms solid solutions with most metals so 
that the excess added does not occur ina particularly harmful form. The 


relative affinity between metals and sulphur is given by Parravano and 
Malquori (292) in the following list: Ag <Pb< Ni <Fe <Cu <Mn. 


Moreover, the fact that manganese Hichide is. dmsoluble, whereas heavy 
metal sulphides are somewhat cec!uble in metals enables the desulphurizing 
reaction to proceed to completion. The physidal properties of the manganese 
sulphide formed are aldo ‘important. According t>» Picon (304) it vaporizes 
without decomposition at 1,375°F. so that when it appears as a free phase in 
nickel and copper alloys, considerable loss by vaporization is to be ex- 
pected. Manganese sulphide is soluble in silicate slags. The system MnS - 

MnSi0, has been investigated by Woleskow (394) and by Glaser (114). Both 
investigators report a eutectiferous system. If the alloy is melted under 


&@ silicate slag the manganese aes amas may therefore find its way into the 
Blag. 


=” 


COMMERCIAL ALLOYS CONTAINING CONSIDERABLE PERCENTAGES OF MANGANESE 


Only the alloys of manganese with copper and aluminum have great in- 
portance commercially. 


system Seppe peieuseuees 


Since the axial ratio of tetragonal manganese approaches 1 with increas- 
ing copper content manganese Can form solid solutions throughout the whole 
range of composition with copper, which has a face~centered cubic structure. 
In general, the mechanical properties of the copper-manganese alloys up to 


5 Chief engineer, Metallurgical Division, U. §. Bureau of Mines. 
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30 percent manganese change continuously with increaging manganese content. 
All these alloys, according to Patterson (296) are face~centered cubic with 
a increasing from 3.60-3.704 (296). According to Corson (59) they may be 
melted in a graphite crucible without absorbing more than 0.2 percent carbon, 
which is not objectionable except for heavy drawing. According to the same 
author, the hardness of such carbon-containing alloyg is sharply dependent 
on the state of subdivision of the manganese carbide. By quenching from 
800°C. and reheating to 400 to 450° for 24 hours, a hardness of 125 may be 
obtained compared to about 40 for the annealed alloy. 


Manganese raises the annealing point of copper, hence alloys containing 
4 to 5 percent manganese are used for turbine blades; 4 percent manganese is 
also used in copper for locomotive fire-box plates and stays, where its prin- 
cipal function seems to be to insure complete deoxidation, with consequent 
freedom from brittleness caused by reducing gases. 


The greatest interest in the copper-manganese system, however, arises 
from the fact that the alloys containing 12 to 17 percent manganese have a 
very low temperature coefficient of electrical conductivity. Such alloys, 
known as manganin (Sto 12 percent manganese), have been described by Bash (16). 


The low melting point (about 8500C.) of the alloys containing 20 to 35 
percent manganese and the strong but chemically neutral skin of oxide cover=- 
ing the molten allcy have led Corson (59) to suggest their use as die~casting 
@lloys. U. § Patent 1671408 ccvers alloys containing 15 to 25 percent. - 
manganese and 1 to 3 percent phosphorus and silicon. 


The high-manganese members of the coppermmanganese system are especially. 
interesting, because the addition of a few percent of copper enables the } 
form of manganese to be odtained at room temperature by qienching. Since, 
according to Perrron (301), no solubility of copper in Wor manganese can 
be detected, the copper must be rejected as a separate phase when the gamma 
form of manganese breaks down to thec and /S ° | an ; 


Ternary Copper Alloys Containing Manganese 


These alloys include special brasses, manganese bronze, and Heusler 
alloys. Seka % | 


In general, manganese acts as a substitute for copper when added to 
brass, s0 that alloys containing 30 percent zinc and 10 percent manganese 
would have properties similar to those of cartridge brags. Such alloys have 
not, however, found commercial use. The so-called manganese bronzes, con- 
taining about 1 percent manganese in addition to iron, silicon, tin, or 
aluminum, owe their value to the introduction of cther elements, notably iron, 
with the manganese. A brass has recently been developed for hot~pressing, 
in which silicon is added with the manganese to such an extent that plainly 
visible crystals cf hard manganese silicide are embedded in a body of 
regular manganese bronze. ~~ 
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The alpha-~phase boundary of the ternary system copper-silicon-manganese 
has been carefully determined by C. S. Smith (351), wha finds that the 
solubility falls to less than 0.5 percent at 450°C., when more than 4 percent 
manganese or Brharoe is present. 


Another most buversevine series of ternary copper-silicon-manganese 
alloys are the so-called Heusler alloys. These are alloys of copper with . 
7 to 11 percent aluminum and & to 30 percent manganese. By quenching these 
alloys from a high temperature and drawing at 6000 to 700°C. followed by 
quenching they acquire ferromagnetic properties. 


The ‘structure of these Heusler alloys is given by Elam (81) as follows: 


‘Face-centered, a = 3.7. 
28.2 Body-centered, a = 2.975. 
27.1 -Body-centered » which is cubic, 


- §8 atcms per unit cell. 


No comnercial uses have been found for these alloys. 

. “Silver can te substituted for copper-in Heusler alloys, according to 
Potter (308), the silver, aluminum and mangenese alloys being ferromagnetic. 
The best alloy is 5 atoms of silver, 1 of manganese, and 1 of aluminum; it has . 
a saturation in tensity of 70 units ner cubic centimeter or somewhat less 
than Heusler alloys. . 


' ‘The special brasses containing nickel and manganese are said to have 
low corrodibility. A typical composition as given by LeThomas (232) is Cu, 
o3.2 percent; ‘2n, 58.8 eee -Ni, 4.46 percent; Mn, 3.0 percent; Ben. 56 
percent (31) : 


Commercial: manganese - aluminum alloys contain 0.5 to 3.0 poceehe man- 
ganese. Manganese is also used as a constituent of duralumin-type alloys 
where, according to Corson (59), it always forms the compound AlgMn. This, 
however; has not: been.confirmed by Dix (72). According to Meissner, man- 
ganese is not pexeponssrs but up to 0.6 percent manganese considerably in- 
creases peeoueets | | 


The alloy: of eniaan with 205 percent manganese, 2.25 percent mag- 
nesium,-and 0.2 percent antimony has been found to be particularly effective 
in withstanding corrosion of sea water. It is known in Germany as K. §&. 
Seewasser. 


According to Haas (132), an alloy of 2 percent manganese is to be 
recomnended for sand castings. It has a tensile strength of 30 kilograms 
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per square millimeter and an elongation of 5 percent. For rolling, the alloy 
should contain 1.25 percent manganese, whieh has a tensile strength cf 2981 
kilograms per square millimeter, and an elongation of 25‘to 1. ciate ‘de-~ 
pending on mechanical and heat treatment. 


The structural details of the eluminum-manganese system have been in- 
vestigated by Bradley and Jones.(34). They found that a emall amount of 
aluminum added to manganese lowers the” and oO transition ‘point ef manganese 
to such an extent that the X¥ form is stable at reom- temperature. Seven 
different phases are found _to exist. 


Manganese Alloys ot Mincr Commercial er 


The eaenoe pemareaness alloys have been investigated by Schmidt (338), 
who concluded that the manganese appeared as an intermetallic compeund. 
Bakken and Wood (13) report that manganese is soluble up to at least 3.2 
percent. Pearson (298) concludes from microscopic investigations that the 
soiid sr. lubility extends cone 2.7 Porcenns , : 

Nothing seems ta be known on the physical sempentiene of these alloys. 
Manganese is added tn magnes{um-aluminum etis AB a: corrosion: ‘Anhibiter. 


Investigations of the ieee lcnadeanege Aieve — been: snmaiied by 
Pilling and Kehlgran (305), who give them as a nearly continuous series of 
solid solutions with a minimum melting point at 1,000°C, <A heterogeneous 
range between 41 and 70 percent aoe is Buoeoorers but a EUNEO is known 
of its exact nature, — 


Blumenthal, Kissmann, and Scharnow (27), in a more recent investigation 
ef ‘the alloys of manganese and nickél and cf manganeso and cobalt. have re- 
ported that both alloys are heterogeneous. According te Kaya and Kussman 
(194) a distribution cf manganese atoms in the nickel lattice penned 
to the formula NigMn makes alloys strongly ferromagnetic. . 


‘The mechan ical properties of the nickel-manganesé alloys ‘have been in~ 
vestigated by Mudge and Luff (265). They conclude that manganese up to 
4.63 percent results in a definite increase in strength, -tcughness, and 
hardness ef the nickel alloy, with practically no decrease in ductility. 
The nickel-copper alloys are similarly affected. Alloys of 96 percent nickel 
and 4. percent manganese are used Tor “the poreee: Of eee Ives | , 


“The manganese-zinc ate have ‘been davewtiented’ by incierusinn (1), wis 7 
found. that zinc alloys with more than 3° percent manginesé are brittle. — 
According to Parravano and Montore (293) atleast threé solid-solution 
phases are present in zinc~manganese alloys up to 23.3 percent manganese. ~ 
Jp to 0.98 percent manganese the 7 phase has a hexagonal lattice like that 
cf zinc, Above this amcunt the £ phase forms, having a hexagonal lattice 
different from zinc and finally a @ phase» with a: ie cae cubic ne eee: 
forms. 
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Leac and manganese do not alloy, but the addition of manganese to 
alloys of lead, antimony, and tin has been covered in British Patent 3093899, 
January 9, 1928. It is suggested as having value as a bearing metal. 


The system silver-copper-manganese has been investigated by Keinert 
(199). Two series of solid solutions are formed. The silver-rich alloys 
can be hardened at 280°C. after quenching from 750°C. 
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CHAPTER 3. COMPOUNDS OF MANGANESE 


By R. S. Dean& 


METALLIC COMPOUNDS 


G. Haag (130) has pointed out that the compounds of ttansition element 
such as manganese with the metalloids are metallic. The metallic condition 
appears to be connected with the small dimensions of the metalloid atoms. 
These metallic phases have embedding structures. In such structures the 
metalloid atoms are always so arranged as to yield a maximm coordination 
number, hence the face-centered cubic lattice is frequently found. Some 
compounds of manganese with boron, phosphorus, tin, and arsenic are ferro- 
magnetic. Perrson's (202) suggestion that ferromagnetism is connected with 
orientation of the manganese atoms in a face-centered Beruetune is in 
general agreement with these facts. 


Manganese-tin compounds have been investigated by Potter (307), who 
finds that SnMng and SnMno are ferremagnetic. The Curie point of SnMng is 
150°C. and the saturation value about 100 units. The Curie point of SnMnp 
is 0° and the saturation value #0 unite orwurtually that of nickel. 


The arsenide and antimonide of: manganese have’ been investigated struc~ 
turally by DeJong and Willems (65), who find that they have the FeS struc- 
ture with a = 37.4, c = 5.75 for Mnds, and a = 4.14, c = 5.90 for MnSb. 
Bates (17) has investigated the magnetic praperties'sf the arsenide and 
phosphide. 


The nitrides of manganese have been ayy carer eee in some detall by 
Haag (131). From 0 to 2.2 percent li. the % phase is stable at high tempera- 
tures but decomposes oe and the € phase between 600° ~- 400°C. 

The manganese atoms in the C phase are arrangod in a face-centered tetragonal 
lattice with a = 3.765, c = 3.684. The © phase exists from 6 - 6.65 percent 
nitrogen at 400°C. In this phase the manganese atoms form a face-centered 
cubic lattice. The unit cell contains 4 manganese atems and 1 nitrogen aton. 
At temperatures above 500°C. the & phase field is enlarged toward smaller 
nitrogen contents. 


The telluride of manganese (MnTe, ) Has a pyrite stractare a = 6.943, 
according to Oftedal (21). | 


Manganese forms two sulphides (tas and MnSo) known mineralogically as 
alabandite and hauerite. The mono sulphide is particularly important in 
metallurgy. According to Schneiderhohn | (340), it has a structure analogous 
to rock salt, with a = 5.21. It has a very high index of refraction, 

N74, = 2.70. Its most interesting characteristic is its ability to behave 


6 -Chief engineer, Metallurgical Division, U. &. Bureau »f Mines. 
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both as a metallic and nonmetallic subdetance. It is, for example, soluble 
in molten silicates as well as in molten sulphides. The system MnS-MnSi0z 
has already been mentioned. Its equilibrium with iron sulphide has been 
investigated by Shibata (346) a 


Manganese sulphide therefore has the unusual property of being soluble 
in both metallic and nonmetallic melts. The question at once arises as to 
its distribution between such peat But no data are available. 


Other very peculiar properties are Fe sopeees for manganese sulphide; thus 
Picon (305) reports that molten MnS will dissolve graphite. Krekel ( 216) re- 
ports that manganese sulphide and iron form a eutectic. 


NONMETALLIC COMPOUNDS AND THEIR USES 


Oxides of Manganese 


Manganese forms four oxides~-Mn0p, Mnz03, Mnz04, ard MnO. The equilib- 
rium relations and natural occurrence of these oxices are discussed else- — 
where in this bulletin. Two more states of oxidation are represented in the 
salts of manganese, MnOz and Mno07. - 


The oxide MnO is formed when any of the higher oxides are reduced by 
hydrogen below 1,200°, is pale green, and mei ve at 1,605°9C. It crystallizes 
in a cubic lattice of the NaCl type, with A, = 4.40 A°. MnO is isomorphous 
with CaO, CdO, MO, and MgO but exhibits only partial solid miscibility wi th 
them. Solid MnO dissolves 31 percent MgO and 21 percent Cd0, while MgO and 
CdO dissolve 26 percent MnO. Solid MnO dissolves about 9 percent CaO (269 270. 


The system MnO - FeO has metallurgical importance and has been studied 
by Andrew and Maddocks (9). 


The compound Mn¥e504 can be prepared by calcining the mixed nyaréxides 
at 800°C. It is cubic, with a = 8.515 and a calculated density of 4.965 
(Passerini) (294). | | ee 


~ 


MnO is soluble in acids and also in ammonia. 


The oxide MnzO, is formed when the other oxides cf manganese are heated 
in air above 9409. ‘Obtained in this way it is brownish or reddish‘in‘éolor 
but when occurring naturally as the mineral hausmannite it is black.’ . 


Manganic oxide (Mno03) is formed by igniting the dioxide, nitrate, car- 
bonate, or oxalate below 940°C. It is a brown powder which shows a cubic 
crystal structure of the corundum type--a = 9.391 (Wretblad) (395). It forms 
solid solution to a limited extent waNe Fe203. Mns0g behaves with regard to 
acids as if it were MnO, me — | 


MnO> has only feebly basic properties. When heated with sulphuric acid 
manganese dioxide evolves oxygen and passes into solution, manganic sulphate 
being formed. Brown solutions of the disulphate can, however, be formed by 
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anodic oxidation of manganous sulphate. The tetrachloride is also unstable 
out may be produced as the double salt ifnCl4.2 KCl by passing HCl into a 
solution of KMénO, in glacial HCoHz0o. 


The acidic character of MnO. is more pronounced than the basic. When | 
hydrated manzanous oxide is oxidized by air in the presence of CA(OH), cal- 
cium manganite is formed. 


MnOo is reacily soluble in acids with the addition of a reducing agent, 
such as S05. Except as a source of manganese, none of the oxides but the 
dioxide have any commercial uses. 


The principal use of the dioxide is as a depolarizer in dry batteries. 
For this purpose high-grade MnOo is required. Both artificial and natural 
products are used. Apparently the hydrated form gives better results 
(193, 208), ' | 


Manganese chloride (MnC15) is obtained as a byproduct in the preparation 
of chlorine from MnO5. It is isomorphous with FeClo, and its emerge 2 
crystallization istherefore impractical. . 


A mixture of manganous chloride and ammonium difluoride has been recom 
mended by Ferrari (93) for degasifying aluminum (355). 


Manganese carbonate (MnO) occurs naturally as rhodochrosite. It is 
rhombonedral (2 = 5.84, A= 47920) and according to Kreiger (215) forms a 
continuous series of solutions with calcium carbonate. It is also isomorphous 
with iron carbonate and magnesium carbonate, and such mixtures occur natur- 
ally as oligonite. The carbonate is formed by the addition of the alkeli_ 
cer eonaeee to a ‘solution of manganous salts. a 


Manganese Sulphate 


This salt is used as a drier in light oils and especially as a component 
of fertilizers. (Mazzuchelli) (257). The salt crystallizes from water in 
several hydrated forms. The anhydrous salt takes up water from the air, and 
the higher hydrates lose water; the monohydrate, however, is stable in air 
and is therefore best suited to shipping. It is obtained by heating the 
higher hydrates at 100°-200°C. (Krepelk and Rejha) (217). 


7 Manganates and Permanganates 


The higher oxides of manganese - MnO, and Mno0, - are acidic and occur 
as salts formed by oxidation of manganous salts. When MnOo is fused with 
sodium or potassium carbonate or hydroxide manganates are formed. Manganates 
form green solutions stable when alkaline but break down when neutral or 
acid, forming the permanganate and Mn05. In commercial preparation of per- 
manganate, oxidation to the ‘heptavelent state may be obtained by chlorine 
or electrolysis. | : 
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Manganese Ores in Ceramic Industries 
Glass Malzing 


Practically all the raw materials used in glass contain some iron, 
usually in the form of ferric oxide. The iron, when present even in small 
quantity, imparts to the glass a pale green color that increases rapidly in 
intensity as tne iron content increases. If a colorless glass is desired 
this green must be removed by some decolorizer. Manganese, selenium, cobalt, 
and nickel are the most com.:on decolorizers in use, and of these manganese 
kas been most widely employed because it permits easy control of the color. 
In using selenium and nickel tne quantity must be carefully controlled, but 
these latter substances are desirable, especially in window and plate glass, 
because glass decolorized witn manganese often chanzes to a pink on exposure 
to the light. A decreasing quantity of manganese is Prone nee makers of 
tank glass, its place being talen by selenium. 


The quantity of manganese used varies considerably, depending on the 
character of the glass, the methcd of its. manufacture, the iron content of 
the raw materials, and the character’ of the manganese ore used. Each manu- 
facturer has his own ideas on this subject. The quantity used is figured 
in terms of pounds of manganese dioxide per. thousand pounds of sand, which 
constitutes 50 ‘to 75 percent by weight of the entire batch. The temperature 
employed in the glass-making process influences the quantity of manganese 
dioxide used since, because of volatilization, more.manganese is necessary at 
higher temperatures. The maximum Limit is 10 to 15. pounds of manganese 
dioxide per thousand pounds of band, and the minimum may be 2 to 2"; pounds. 


~ Chemistry of Use of Manganese in Glass-Making Proce ess. — When other 
coloring ingredients are absent; compounds of manganese produce pink, purpose, 


and violet hues, according to the’ chemical nature of the glass. Manganese 
dioxide neutralizes the green color caused by iron compounds. Used in excess 
it imparts an amethyst tint, and when used in’ considerable excess the color 
is 80 ) dark as to appear black. | : oy eet Me, 2 i 


Neutralization cf the iron tint by manganese dioxidé ‘is explained by 
some chemists as a physical effect, and by others as a ‘purely chemical one. 
The: green tint is due to the presence of ferrous silicate. Some chemists 
think ‘that’ this green compound is oxidized to. the ferric. silicate, which is 
an almost imperceptible pale straw~yellow. According to this view, the 
oxidizing agent used must not decompose completely at high temperatures, and 
manganese dioxide seems to be the most available compound fulfilling this 
condition. At red heat the dioxide loses one third of its. oxygen, leaving 
the tetraoxide (Mnz0a) , which oe still higher lab nb | is an oxidizing | 
agent.’ ” 


Red lead and other see ae secuye: have not thie decciorizing power, 
hence some chemists have thought that the decolorization ‘by MnOo is purely 
physical and is not due to oxidation or chemical reaction. It is possible, 
however, that other compounds may lose their uxygen at too low temperatures 
- to be effective as oxidizing agents. 
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. Specifications for Manganese Ore Used _in Making Glass. - Before the 
“orld War the ordinary specifications for manganese ore used in glass making 
were 85 to 90 percent manzanese dioxide anc less than 1 percent metallic iron. 
Outside of these two ingredients, each manufacturer has his own requirements. 
Special glasses may require ore carrying more than S0 percent manganese 
dioxide and less than 0.5 percent iron. The higher the manganese content and 
the lower tke iron, the better the ore is for glass making. In general, the 
grades of ore are similar to those used in making dry cells. Obviously, | 
siliceous pyrolusite is not objectiomble but carbonaceous pyrolusite is. . 


Manganese ore for glass making is sola in powdered, granulated, or lump 
form. There are objections to the lump form because of the time required to 
melt it intc the batch. Powdered ore is used principally when the batch is 
melted in pots; lump or granular ore is used when melting is done in tanks. 


Before the war high-grade pyrolusite for glass making and other chemical 
purposes was imported from Russia, Saxony, Japan, Nuva Scotia, and other — 
foreign countries. As the war progressed such ore became scarce; in conse- _ 
quence, specifications were relaxed, and low=zrade ores were purchased. 


During the war some excellent domestic ore was developed and found a ready 
market. | 


Other Ceramic Uses 


Another use for manganese ore in glass making has ceveloped in the last. 
few years, namely, for producing black glass used for ornamental purposes. 
About 3 percent of ore is addec to the batch in making this opaque glass. 


Pyrolusite is added to the constituents of glazes and enamels to produce 
purple tints. Black enamels are those containing manganese. Manganese oxide 
is also used in brick making. Manganese has also been recommended for im- ~ 
proving the color cf brick (39). - * + 


Use of Manganese Salts in Driers 
Definition 


. Driers are substances, generally metallic oxides or their compounds, that 
are added to linseed cr other drying oils at high or low temperatures to make 
them capable of readily absorbing oxygen from the air, or of drying by its 
action. Some chemists consider the action to be catalytic, the manganese 
compound actin as a catalyzer or carrier of oxygen. The principal manganese 
compounds used as driers are manganese sesquinxide (Mno0z), pyrolusite (Mn05) 
--also known in the trade as dioxide, binoxide, or peroxide), manganese 
hydrate, manganese sulphate, manganese borate, manganese resinate, manganese 
linoleate, manganese oxalate, and possibly other salts. Certain: corresponding 
double salts of manganese and lead are often used. f 


Manganese Dioxide 


Jdanganese dioxide, extensively used as a drier, is marketed in two 
forms, the natural and the artificial. The natural mineral pyrolusite is 


1667 ~19~ 


Google 


I.C. 6768 


simply ground to a powder with water and then dried. The mineral is essen- 
tially a peroxide, a class of substances containing more oxygen then is re- 
quired to satisfy the valence of the metal present. This extra oxygen is 
loosely combined and readily enters into combination with oxidizable bodies. 
This feature of manganese compcunds makes them useful in oil boiling because 
the oxygen combines with the oil, oxidizing it, while some of the manganese 
dissolves and forms a compound with the linoleic acid of the oil. In ccnse~ 
quence of this action manganese ccmpounds are powerful driers. The quantity 
of manganese dioxide added in the precess of boiling is small, nct more than 
a quarter of a pound to a hundredweight of oil to get the best results. The 
use of the black dioxide, however, tends to darken the oil. 


Manganese Borate 


Manganese borate is perhaps the least objectionable of all manganese 
salts used as drying agents, although the black oxides are used more. To 
make the borate, 1 part of manganese sulphate is dissolved in 10 parts of 
distilled water, and a little of this solution is added to some soda solution 
to determine whether any iron is present. If pure, the manganese sulphate 
solution is added to the hot borax solution as long as a precipitate forms. 
The precipitate is filtered, washed with hot water, and dried. 


Manganese Resinate 


Resinates, formed by the combination of resin or rosin with certain 
metallic cxides, are much used in making varnish and paint and with the ex- 
ception cf the linoleates are most readily soluble in linseed oil. Manganese 
resinate is made as follows; Soda ash is dissolved in water, and the solu- 


tion is boiled with steam; the proper proportion of light coarsely powdered 


rosin is added, then more soda ash. The clear solution is run into a clear 
manganese chloride, the resinate separating as a white flocculent precipitate, 
which is filtered, washed, and dried. 


Manganese Linoleate 


Manganese linoleate is prepared by pouring a solution of a soap, made by 
boiling linseed oil and caustic soda, into a solution of manganese chloride 

or manganese sulphate... The dark-brown plasterlike mass is susceptible to 
OXidation. When exposed to air the surface becomes covered with a hard, rather 
insoluble, protective skin. The material should therefore be kept in tightly 
closed vessels. It acts both as a bleaching agent and a drier for linseed 

oil. One pound, mixed first with 5 pounds of linseed 011 and the whole 

poured into 10 gallons of linseed oil. at 2509 F. zives a good drying oil. 


The double resinates and linoleates of manganese and lead are also in 
use. | | 
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lianganese Oxalate 


hianzganese oxalate is prepared by precipitating manganese salts with 
Oxalate of soda or potash or by treating manganese hydrate or carbonate with 
oxalic acid. One of the advantages of the oxalate is said to be that it 
decomposes during oil boiling. The manganese dissolves in the oil in com- 
bination witao linoleic acid, and the oxalic acid is decomposed with evolu- 
tion of carbonic acid. One fourth to one half pound may be used per 
nundredweight of oil. 
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CHAPTER 4. OCCURRENCE AND ORE-DRESSING POSSIBILITIES 
OF ORES OF MANGANESE IN THE UNITED STATES 


Ce ee ee ee ee) 


By Fred D. DeVaney~ and Will H. Coghill® 


. 
-ma_ ew ep se lUemlC el DUC Ce le 


INTRODUCTION 


Present-day metallurgical practice requires a large amount of manganese, 
of which the steel industry is the largest consumer. The chemical and ceramic 
industries also need manganese-bearing ores. These demands are so great that 
the consumption of manganese by our industries far exceeds our domestic produc- 
tion. This condition can in part be attributed to the fact that, although 
large amounts of manganese oxide and carbonate ores occur in the United States, 
relatively little is of the required grade. Concentration would be necessary. 
Lack of a sufficient supply of high-grade manganese ore and of well-developed 
concentration processes places the nation in a vulnerable position when large 
quantities of manganese mst be imported for use in the mamfacture of steel. 
An economical and efficient means of concentrating the low-grade oxide and car- 
donate ores would augment domestic production and reserves and would be a safe~ 
guard in times of emergency. 


For abcut 2 years the United States Bureau of Mines, in cooperation with 
the Missouri School of Mines and Metallurgy, carried on at its Mississippi 
Valley Experiment Station, Rolla, Mo., an investigation of the manganese 
bearing ores of the country. In the course of this research ores from 116 
mines or prospects in 20 States were examined and studied to determine their 
amenability to concentration by gravity processes, such as jigging and tabling, 
and by flotation and magnetic methods. Leaching processes, which are fre- 
quently placed in the ore-dressing category, are discussed in chapter 7. 


In addition to determining amenability to treatment by the older well- 
known methods ~ gravity and magnetic concentration - an endeavor has been made 
to improve old methods and to devise means of treating ores that cannot be 
concentrated by methods now in use. 


Outstanding results of this study include the development of flotation 
processes for concentration of oxide ores and carbonate ores and the applica- 
tion of better gravity~concentration methods in certain more important mining 
districts, ‘The large amount of data assembled while samples from various dis~ 
tricts were studied should prove of value in future, as they indicate the grade 
of concentrates that can be made, 


¢ Associate Metallurgist, U. S. Bureau of Mines. 
8 Supervising Engineer, ore=dressing section, Metallurgical Division, U. &. 
Bureau of Mines. 
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No attempt has been made to compute concisely the amount of ore in the 
various devosits or to estimate the cost of concentra tion processes. Tue ton- 
nazes of ore in many Geposits ere as yet uncertain and can be determined only 
by further exploration. 


The costs of the processes mentioned are well known throughout the pres- 
ent willing industry, ana the averaye will apply here. 


MANGANESE DEFOCSITS IF THE UNITED STATES 


A survey of the literature shows that manganese ore is known to occur in 
avout 300 districts scattered throughout 35 States. The size of the deposits 
and the manganese content of the ore vary greatly. any deposits are small, 
containing only a few hundred or a few thousand tons, while others are known 
to contain ore that is measured by the millions of tons. The grade of ores 
in these deposits varies between wide limits; some contain only a small per- 
centage of manganese, while others are of commercial csrade without need of 
concentration. | 


A map and bibliography (147) of the manganese deposits of the United 
States, showing the widespread distribution and also giving a list of the 
references describing the various Sistricts has been published. This map is 
reproduced as figure l. 


ae eee 


The ore samples for the investigation were obtained in several ways. 
Some were taken by Bureau of Mines engineers, and others were sent in by con- 
sulting engineers. Many of the samples, however, were supplied by the opera- 
tors. When the investigation was begun operators were asked to furnish samples. 
This request met with a ready response. Of course, under some circumstances , 
it would not be good engineering to allow the interested parties to do samp- ! 
ling, but in this instance a true representation of average-grade ore was not 
required; a xnowledze of the general character of tke ore was sufficient. 


Of the 115 prospects or mines from which ores were examined 2O gave proim- 
ise of yielding ferro-grade ore, either in the natural state or by concentra- 
tion, while 45 fell in the class of ores suitable for other metallurgical pur- 
poses; thus, 63 properties had ore that was usable. Their phosphorus content 
would meet specifications, the ratio between manganese and iron was satisfact—_ 
ory, and the silica content was not too high or could be reduced by concentra- 
tion. If time were available to re-examine these samples in the light of the 
knowledge acquired throughout the work, without doubt the list of promising 
ores would be increased. A list of the samples, grouped py States, is given 
in table 3. It shows how many could be used with-or without concentration for 
the production of ferromanganese, for the manufacture of spiegeleisen, or fcr 
addition to the blast-furnace charge to supply manganese to the metal. 


The authors do not intend to convey the idea that it would be economical 
to produce ore of the grade stipulated in the foregoing table from all the cre: 
listed. Many deposits are small and would not justify the erection of a con- 
centrating plant of any sort. Others have a grade of cre that makes them work: 
able only when the price of manganese is high. 
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TABLE 3. - Ores of Manganese Examined, Grouped by States and Grade of Ore 
3 Whica Can Be Recovered 


a _ Ores suitable for Ores suitable for 
State Samples xxamined production of other metallurgical 


Scar oe het Se gh ee _ferromanganese purposes. 


California...... 1 
Colorado........ 
VOOTE 10s. ois gee ws 
1s 2 ee 
Massachusetts... 
Michigan........ 
Minnesota....... 
WL SSOUP Li. «44-454 
tlontana......... 
Nevada.......... 
New Mexico...... 
North Carolina.. 
South Dakota.... 
Tennessee....... 
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West Virginia... 
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District and State: . District and State: 


Kingman, Ariz. | Little Florida Mountains, N. Mex. 
Batesville, Ark. Silver City, N. Mex. 

Leadville, Colo. Las Vegas, Nev. | 
Cartersville, Ga. Chamberlain, S. Dak. 

Menominee, Mich. Northeast Tennessee, Tenn. 
Cuyuna, Minn. . Blue Ridge, Va. 

Butte, Mont. Woodstock, Va. 

Philipsburg, Mont. Clympic Peninsula, Wash. 

Franklin Turnace, N. J. 


Particular attention has been given to deposits with a reccrd of high pro- 
duction or era to contain relatively large amounts of manganese-bearing mater- 
ial. These deposits are in the above districts, arranged alphabetically by 
States. Their ore-dressing properties constitute the basis of this report. 
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Ores from many other districts were studied, but lack of space prevents 
giving the experimental data on all but those whick seem most important at 
present or which nave attracted the most attention. Fossibly some deposits 
not listed in this report will become large producers of manganese in the 
future; nence the absence of a report on certain districts is not to be con- 
sidered as indicating an unfavorable attituce. For example, no report is 
given on the devosits in California, which was the second largest producer of 
manganese ores during the war ;ears and undoubtedly can again produce much 
ore uncer favorable conditions. ‘ue to the recent inactivity of the mines in 
that State representative saimles were difficult to obtain. 


CLASSIFICATION OF ORES OF MANGANESE 


In this report the classification of ores containing manganese follows 
the system adopted by the Bureau of Mines in 19138. The term "manganese ore" 
is used to designate ores containing 35 percent or more manganese. Ores con- 
taining 10 to 32S percent are called "ferruginous manganese ores", while those 
containing 5 to 10 percent manganese are termed "manganiferous iron ores". 
Ores made up mainly of iron and containing less than 5 percent manganese are 
not classed as ores of manganese but simply as iron ores. The term "manganif— 
erous silver ores" refers to ores that contain more than 5 percent manganese 
and enough silver to make them more valuable as a source of silver rather than 
of manganese. "Mangeniferous zinc residuum" is a term applied to a byproduct 
resulting from the roasting of franklinite concentrates at Franklin Furnace, 

N. J.; it commonly contains 12 to 14 percent manganese. 


PRULUCTION OF DCMESTIC ORES OF MANGANESE 


Some idea of the relative importance of the various States as to the 
type and tonnage of manganese ores produced by each may be had from the fig- 
ures in table 4, which shows the amounts of ore shipped from 1913 to 1930, 
inclusive. This table includes the tonnage of both fluxing ore and of the 
zinc residues produced at Franklin Furnace, N. J. It is felt that both types 
of material should be included, because the fluxing ore was used primarily 
for its manganese content, which serves a definite purpose, even though it is 
not recovered, and because the zinc residue which, though a byproduct from the 
smelting of zinc ores, is nevertheless the raw material from which most of the 
country's spiegeleisen is manufactured. 


MANGAVESS MINERALS 


Manganese compounds occur in a variety of mineral forms widely distri- 
buted throughout the crust of the earth. Fro.n the commercial viewpoint by 
far the most important manganese minerals are tne oxides. The world produc— 
tion of manganese outside of the United States comes almost entirely from the 
oxides. In this country tne supply of the oxides is supplemented by tne car-— 
bonate mineral rhodochrosite, from the deposits at Butte, Mont. 


The manganese minerals (oxides, carbonates, silicates, and sulphides) 
will be described, after which the mineragraphic identification will be dis- 
cussed. Table 5 gives the chemical composition and some physical properties 
of the more common manganese minerals. 
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TABLE 4. - Qres of Manganese, Including Fluxing Ore and Zinc Residues Shipped 
from Mines in the United States 
1913-30, Inclusive, in Long Towel 


- Ore containing 35 Ore containing 10 Ore containing 5 to 

State percent or more Mn _ to 35 percent Mn 10 pércent Mn 
Arizona........ 52,971 37,448 21,449 
Arkansas....... 61,419 108,479 147 
California..... 2/ 63,328 359 --- 
Colorado....... 28 ,853 694,000 71,426 
Georgia........ 2/ 47,979 2/157 ,326 44,890 
i Ks bole eee eee oe 5,337 1,839 | pies 
Michigan....... == 448,013 413,506. 
Minnesota...... “SS 2,715,446 7,088 ,693 
Montana........ 682,884 61,575 mae 
Nevada......... 2/ 31,618 2/724,086 7,987 
New JerseyS.... --- | 2,069,000 --- 
New Mexico..... 22,650 349,479 166,996 
Tennessee...... 11,978 2/ 4,961 96 
Utahin estes des 2/ 10,742 2/ 18,523 496 
Virginiasé..css. 66,458 51,787 52,400 
Washington..... 16,275 == pore 
Wisconsin...... aes == 1,819,172 
Undistributed4, 14,215 12,486 --- 

Total..... 1,116,707 7,454,855 9,687,258 — 
i The production figures are taken largely from records published in Mineral 


Resources of the United States for the various years. 


ldo 


Small additional production reported with Undistributed®. 


In 


Zinc residues, production partly estimated. 


es 


Includes production from States with small production and rom States where 
permission has not been given to publish figures. 
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I.C. 6768 
Oxide Minerals 


The chief oxide minerals are pyrolusite, psilomelane, and manganite. 
Another oxide, hausmannite, although not uncommon has no economic importance 
except in two districts studied, the Satesville-Cushman, Ark., and the Olympic 
Peninsula, Wash. Franclinite is important in the Tranklin Furnace, N. J. 
deposits. Wad is not a definite mineral but is'a term in common use to describe 
earthy manganese-bearing material witu a high moisture content. It is a mix- 
ture of manganese oxides. 


Pyrolusite (Mn05) 


Pyrolusite, the manganese dioxide, contains 60 to 63 percent of manganese. 

Most varieties contain several percent of water. It is a black, opaque mineral 
with a metallic luster and is frequently soft enough to soil the fingers, the 

nardness ranging from 2 to 2.5. The specific gravity is 4.73 to 4.86. Pyro- 

lusite often occurs as reniform coatings associated with other manganese miner- 
als. It is sometimes columnar and often granular massive. Pyrolusite frequent- 
ly occurs as pseudomorphs after the characteristic radiating needles of mangan- 
ite. It is usually a secondary mineral formed by the dehydration and oxidation 
of other manganese minerals. Due to its physical structure and chemical proper- 
ties pyrolusite is the manganese oxide preferred by the dry-battery industry. 


Psilomelane (4 MnOp (Mn, Ba, K) O.nH20) 


Psilomelane is an oxide of variable composition containing 45 to 60 per- 
cent manganese and lixe pyrolusite usually contains several percent water. 
liany specimens contain a rather large percentage of barium; some of the samples 
examined had as much as 15 percent of barium oxide. It is a hard, black, 
opaque, amorphous mineral with a dull submetallic luster and conchoidal frac- 
ture, commonly found in massive, reniform, stalactitic, or botryoidal forms. 
Its hardness ranges from 5 to 6 and its specific gravity from 3.7 to 4.7. In 
concretionary masses common in many deposits, psilomelane displays a marked 
concentric structure due to alternation of hard and soft layers of the mineral. 
The. varying hardness probably is due to variations in the water content of the 
psilomelane. When free from other manganese oxides psilomelane can be readily 
identified by its superior hardness and lack of crystallization. 


ianganite (Mn203.H20) 


Manganite, a nydrous manganese sesquioxide, contains 62.4 percent mangan- 
ese and 10.3 percent water. It is a steel-gray to iron-black, opaque mineral 
of medium kardness (4.0) and a specific gravity of 4.2 to 4.4, commonly found 
in radiating needle forms or in feltlike masses of fine interlocking needles. 
It nas a dark reddish brown streaix and a submetallic luster. 
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Kausmannite (Mnz0q) 


Hausmannite, an oxide of manganeee, theoretically containing 72:1 percent 
manganese, is a black to trownish black opaque mineral, commonly crystalline, 
with a submetallic luster and a-snecific gravit, of 4.75 to 4.86. It has a 
hardness of 5.0 to 5.5 and a brownish blaciz streak. A eneee fracture usually 
shows numerous bright, shiny cristal faces. 


Franclinite ((Fe, Zn, Mn) 9.(¥e,Mn) 90g) 


Frankxlinite is commonly found only in the deposits of Franclin Furnace, 
N. J.. Its manganese content‘is variable, ranging from about 10 to 20 percent. 
It is an iron-black mineral with a metallic luster and reddisn brown to black 
streal:. Its snecific gravity is 5.9 to 5.2, and its hardness 5.5 to 6.5. It 
is usually associated witis zincite and willemite, and its structure is massive 
to granular. 7 


| Carbonate Minerals 


The most common manganese carbonate mineral is rhodcochrosite (MnCO3z). 
However, in addition to this mineral there is a series of isomorphous calcium 
and manganese carbonates with compositions ranging from that of calcite to 
that of rhodochrosite. Minerals in this series are termed manganocalcites 
and are not uncommon. Kreiger (215) found that as the mineral grades from 
calcite to rhodochrosite the indices of refraction and specific gravity in- 
crease gradually. he also showed that variation cf the isomorphous constitu- 
ents could be detected by X-ray diffraction study. In addition to the calcite- 
rnodochrosite series of manganese carbonates a more complex series is found in 
the ores of the Chamberlain (S. Dak.) district. These ore minerals probably 
consist of an ch mixture of calcite, meen se tes ‘siderite, and rhodo- 
chrosite. | 


Rhodochrosite (MnC0><) 


The manganese carbonate, rhodochrosite, contains 47.8 percent manganese 
when pure. It is usually light rose, although other shades are not uncommon. 
Rnodochrosite is a translucent mineral with a vitreous luster and a colorless 
streak. Its specific gravity is 3.45 to 3.6 and its hardness 3.5 to 4.0. 
Rhodochrosite often occurs in cleavable massive form with a distinct rhombo- 
hedral cleavage. It frequently occurs with rhodonite, from which it usually 
can be distinguished by the softness of rhodochrosite and by the reaction of 
rhodochrosite with warm hydrochloric. acid. Chemical analyses or specific-— 
gravity determinations are sometimes necessary to distinguish rhodocnrosite 
from the manganosilicates. 


Silicate Minerals 


The manganese silicates have no iimortance as ores of manganese but are 
of interest due to their association with the oxides. Rhodonite and braunite 
are the two most common silicates. The hydrous silicate, bementite, is found 
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in large quantities in the manganese deposits of the Olympic Peninsula, Wash., 
where it sometimes is the major constituent of the ore body. CGccasionally 
neotocite, a rather rare mineral of similsr composition, is found with the 
bementite in the Washington deposits. 


Rhodonite (MnSi0z) 


Rhodonite, the metasilicate of manganese, tnecretically contains 41.9 
percent manganese and 45.99 percent silica. It is usually deep rose and trans- 
lucent, with a vitreous luster and a colorless streak. The fracture of rhodo- 
nite is conchoidal to uneven. Its specific gravity is 3.4 to 3.7, and its 
mardness (5.5 to 6.5) is sufficient to distinguish it from rhodochrosite, with 
which it is sometimes confusea. Its structure is common’ massive, cleavable 
to coupac ts or in embedded grains. 


Braunite (3 Mng0g.nkinSi0s) 


The silica content of braunite is variable, and according tc Scaneiderhohn 
and Ramdohr ($41) the silicate molecule may sometimes be absent. Most varie- 
ties contain about 60 percent manganese and about 9 percent silica. Braunite 
is a black to steel-gray opaque mineral with a submetallic luster and a brown- 
ish black streak. Its specific gravity ranges from 4.72 to 4.82 and its hard- 
ness from 6.0 to 6.5. It commonly cccurs in granular form with euhedral tetra- 
gonal crystals. The crystallizing tendency of braunite is so well pronounced 
that it usually serves as a method of identification. 


" Bementite (8 MnO. 5 Ey0 . 7 Sip) 


Bementite is a hydrous manganese silicate of somewhat uncertain composi- 
tion, containing usually about 31 percent manganese and 35 percent silica. 
The mineral from the Glympic Peninsula district is light gray to grayish brown 
and has a vitreous luster, a splintery fracture, a hardness of about 6.0, and 
@ specific gravity of about 3.1. It is transparent in splinters but upon 
weathering becomes opaque. Microscopic examination shows that the mineral 
usually consists of a fine-grained felted agzregate of fibers and plates. 


Sulphide Minerals 


Two manganese sulphide minerals are imown - alabandite (MnS) and hauerite 
(linSo). They have no commercial importance as a source of manganese and are 
of interest only from a scientific viewpoint. Alabandite is the more common 
mineral and has been reported by Hewett and Rove (161) as occurring in a nun- 
ber of western localities. Hauerite is a rare mineral. 


Alabandite (Mn$) . 


“Alabandite theoretically contains 63.1 percent manganese. It is an iron- 
black to brown mineral with a submetallic luster and.an olive-green streak, 
which is quite distinctive and often serves as a means of identification. Ala- 
- bDandite has a specific gravity of 3.95 and a hardness of 3.5 to 4. It is usu- 
ally granular massive in structure, with perfect cubic cleavage. 
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Mineragraphic _ Identification of Opaque Manganese Minerals 


Identification of the various Te minerals is frequently aifficult. 

. Their intimate association end tne alteration of cne mineral to anotrer are 
confusing. Pseudomorphs are abincant and misleacin,;;. Sometimes positive 
identification is possible only by study of volis:ea sections under the micro- 
scope, accompaniec »* microchemical tests. ‘iicroscopic :nethods of identifica- 
tion of so:ine of the more i:sportant opaque manganese minerals: have been given 
by Thiel (367, 368), Short 288) and beens (89) and by Cooke and associates 


(28). 


The autnors have used polarized light haeCondunstionaritn tre metallo- 
graphic microscope in tre differentiation of the opaque manganese minerals 
and nave found it of primary imvortance. An examination by this method maxes 
1t possible to place the: i:nmediately in one of two GRPREESS anisotropic or 
isotropic. , 


Anisotropic Minerals. 


Three of the more common opaque manganese minerals -- pyrolusite, mangan- 
ite, and nausmannite -- are strongly anisotropic,. each giving four extinctions 
per revolution. (iost anisotropic minerals give only two extinctions. ) If 
these three winerals occur in particles of sufficient size a hardness test 
suffices to identify them. Pyrolusite is soft (2 to 2.5), manganite is of 
medium hardness (4.0), and hausmannite is hard (5 to 5.6). In fine-grained 
aggregates pyrolusite and manganite are not identifiable by hardness tests, 
and recourse must be had to an etching treatment. A short etch with an 8 per- 
cent solution of sulpsurous acid rapidly darkens and pits pyrolusite, while 
mangenite is virtually unaffected. Photomicrographs of unetched and etched 
sections of p);rolusite and manganite are shown in figure 2, A and B. Haus- 
mannite may be differentiated from pyrolusite and manganite by its hardness, 
by the excellent polish it takes, and by a characteristic reticulate etch pat- 
tern with a saturated solution of stannous chloride. Figure 3, A, shows the 
usual crystalline structure of hausmannite and ‘the strong aniactropism of the 
mineral. 


Isotropic Minerals. 


Four of the more common opaque minerals are isotropic -- nsilomelane, 
braunite, fran'slinite, and alabandite: Psilomelane is amorphous and when 
etched with sulphurous acid derxens, giving a gorbitic structure. Banded 
structures are rather common. Fsilomelane of several generations is ‘often 
present in the same syecimen. Figure 4, A, shows a specimen of psilomelane 
unetched, the secondary psilomelane béing much clezrer than the older variety. 
Figure 4, B, shows the large amount of quartz in the primary psilomelane and 
the sorbitic pattern brought out br etching. Braunite usually can be identi- 
fied by its tendency to fcrm evredral crystals and by the fact that it is not 
etched by sulpimrous acid and but slightly by ante chloride... Tne twinning 
sometimes shown by braunite is brought out in figure 3, B. Franxlinite cccurs 
conm:only only in the mines at Franislin Furnace, N. J. .A blowpipe test on char- 
coal for zinc is tne surest means of differentiating it from the other manganese 
minerals. Alabandite can be readily identified by its olive-green streak and 
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Figure 5.— Bri quetted Cuyuna ore. 


A, Polished section; 25 to 65 
mesh portion, float—and-sink 
fraction 3.25 to 3.66 sp. gr. 
Illustrates intimate interlock— 
ing of siliceous gangue (Gl), 
hematite (H), and psi lomelane 
(iP), 50 x. 8B, Camera lucida 
drawing of selected particles. 


Digitized by Coc gle 


Figure 6.— Briquetted Cuyuna ore.. 


A, Potished section; 35- to 65- 
mesh portion, float-and-sink 
fraction 3.25 to 3.66 sp. gr. 
Gangue (G), hematite (H), 
psilomelane (P). 50 x. B, 
Camera lucida drawing of 
selected particles. 


Original from 
THE OHIO STATE UNIVERS 
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by the liberation of hydrogen sulphide when etched witn stannous chloride. 
Table 6 shows the differentiation of the more common opaque manganese miner- 
als. For the transperent minerals ordinary petrograpnic methods are used. 


Impurities Associated with Manganese Minerals 


Manganese ores, like those of other metals, contain impurities which 
must be removed by ore-dressing or metallurgical processes. Some impurities 
are present as discrete particles, which can usually be rejected by ore-dress- 
ing methods unless too finely intermixed. Chemically combined or dissolved 
impurities can be eliminated only by ResrTeorenoe processes. 


some ores sontadains manganese are mined in the West for a flux in non- 
ferrous metallurgy. Frequently they contain, besides manganese, some lead, 
Zinc, Silver, golc, and other metals.. -Recause no manganese is recovered from 
concentration of eneee ores they will not be discussed. 


The impurities acnmenis ce in ores of manganese may be classified 
into four general STOUpS, nee | | 


, (1) Metallic--iren, zinc, ead: copper and silver; (2) gangue--silica, 
alumina, lime, magnesia, and-baryta; (3). volatile--water, carbon dioxide, and 
organic matter; and (4) Bacon cease eee and ae ia 


Of the thetallic impurities, iron is oa far the. most common. The iron 
-occurs in oxide form, which is usually difficult to remove by ore~dressing 
methods; magnetic separation may be possible after a reducing roast. Gravity 
concentration sometimes imakes a concentrate enriched ‘in manganese and imvover- 
ished in ircn. The amount of iron present in a final product determines the 
type of alloy that can be made. Usually products with more than 1 part of 
iron to 9 parts of manganese cannct be used for the manufacture of ferroman- 
ganese. The other metallics, such as -zine, lead, copper, and silver, in ores 
utilized for their manganese are found in merchantable quantities in the Butte 
carvonate deposits. ith the exception of silver, these elements are present 
as sulphides, and although they occur in rather small quantities they should 
be removed by ore-dressing methods. The chief reasons for removal are that 
sulphur and zinc are objectionable in the metallurgical processes. for tne 
vroduction ef ferro-alloys and that economic losses result because none of 

the metals are recoverable in these processes. 


Gangue, such as silica, alumina, lime, magnesia, and baryta, is found in 
ores of manganese. These impurities, which comprise tiie slag-forming consti- 
tuents of the ore, must be kept witnin-allowable limits if the metallurgical 
treatinent be economic. They pass largely into the slaz when smelted, and al- 
though a certain amount of slag is essential for the removal of injurious im- 
nurities, sucn as sulphur, a large amount of gangue with. tne consequent pro- 
daction of large slag volumes is highly undesirable. Large amounts of gangue 
require large amounts of coke. imuch slag is formed, and as the slag always 
contains manganese, the amount of metal recoverable, other conditions being 
equal, is inversely proportional to the amount of slag formed. 
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The gangue constituents frequently are classed as acid or basic, accord- 
ing to their bahavior in the furnace. Of the more common impurities silica 
and alumina are usually considered as acid, although the action of alumina is 
somewhat uncertain: -Lime, magnesia, and baryta are considered as basic. Man- 
ganese-alloy furnaces are run to produce basic slags and for this reason basic 
impurities are less objectionable than acid impurities. Silica is by far the 
most common of all the zangue and is found in nearly all ores. The elimina- 
tion of silica is usually the chief problem confronting the ore-dressing engi- 
neer, Alumina in the form of clay is a troublesome impurity in many ores. 
when it occurs wit:: card or nodular manganese minerals its elimination is 
usually easy, but when the manganese minerals are soft and friable removal is 
difficult. The basic impurities lime, magnesia, and baryta are seldom found 
in troublesome quantities. However, in some districts where the manganese 
Mineral is predominately psilomelane, undesirable amounts of baryta may be 
present. In suci. instances the barium content of the ore cannot be lowered 
by ore-dressing methods... In the Chamberlain (S. Dak.) district lime and mag- 
nesia are present as carbonates in an isomorphous mixture with rhodochrosite 
end siderite. Their elimination by ore-dressing methods does not seem probable. 
With the exception of the Chamberlain..ore, or ores of psilomelane with high 
barium content, the basic impurities in..the sres. studied have been present in 
small quantities or can be easily rejected. So 


Water and carbon dioxide are ti:e two important volatile impurities. 
Water is present to some degree in virtually all ores. It is not simply a 
diluent. but also lowers the metallurgical efficiency of the blast furnace. 
The removal of water is frequently desirable. Some wad ores of Arkansas con- 
tain as much as 30 percent of water, and since these ores are usually marketed 
in the Birmingham district the: fallacy, of paying freight on so much water 
across several States can be readily seen. Carbon dioxide is important only 
in rhodochrosite ores. According to some blast-furnace operators carbon diox- 
ide is harmful to the operation-of a furnace, as it interferes with the usual 
carton monoxide; carbon dioxide ratio. Whether or not this difficulty exists 
it is important that rhodochrosite ores be calcined before shipment, as the 
tanganese content can be increased.materially and freight charges saved by 
elimination of the carbon dioxide, which in pure rhodochrosite amounts to 
68.3 percent. : ; 


7 Sulphur and phosphorus are objectionable impurities in any manganese ore. 
Pon smelting, the phosphorus.content of the ore passes almost entirely inte 
toe ferro-alloys. Since. low-phosphorus alloys are required, a high-phosphorus 
‘re Cannot be used for making ferromanganese or speigeleisen. Phosphorus is 
’8ially chemically combined or so intimately associated with the manganese and 
‘Ton that its elimination by ore-dressing methods is impossible. 


In smelting operations sulphur usually passes into the slag, hence its 
. ‘8 are not as harmful as those of piunsphorus. Sulphur was not found to 
ny extent in domestic ores, except in the Butte carbonate ores, where it oc- 


Cars ag Sulphides. The sulphides usually can be eliminated by ore-dressing 
Processes. | ) | 
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URE DRESSING OF ORES OF MANGANESE 


Ore dressing is the art of physicel eesavatvon of ore from gangue. The 
segregated ore is "concentrate" ard the sanzgue is "tailing". To effect a 
separation of ore and’ zangue various onysical properties of the minerals are 
utilized. Tre-use of these pnysical. properties to segre sate discrete mineral 
erains differentiates ore dressing from metallurgy. Wnich deals with chemical 
reactions. In’metallurgy some. natural compounds are destroyed for new ones 
more favorable to the separation sought. Ore dressing permits removal of 
some of the gange before metallurgy Peerae thus: it is a link between the 
mine and tne metansureres? plant. 


Ore dressing hypothecates the liberation of discrete economic mineral 
érains; tne gangue iineral grains need. not be liberated from each other. Tie 
first step in liberation is incident to the wining, as a result of blasting. 
After that breaking: crusning, and grinding follow until liberation is ob-— 
tained. an a a = = | 


Tie more important physical properties employed in dressing ores of man-— 
ganese are color, luster, hardness, magnetic permeability, svecific gravity, 
and surface phenomena.  —" | | Pf | 


Color and Luster 


Hand-sorting or picking may be employed when the minerals: are liberated 
from each cther, and tie color and luster permit identification. . Sometimes 
the mineral is removed by hand, sometimes the waste is removed, and sometimes 
each is tnrown into its respéctive bin. The mineral: pieces removed are 2 
inches to 2 feet in size. The required labor is cheap, end the skill in close 
differentiation by trained’ men and women sorters puts. to shame the best col- 
lege mineralogists. une advaniage of hand-sortin: a ee ‘removal of rope, 
woou, steel, and dynamite epoRcene to mining. es 


‘Hardness °. 


with respect to tne oxide ores of manganese,. with the possible exception 
of pyrolusite, a rule about hardness may be laid down, namely,.that the coars- 
est sizes (the hardest) resulting from crushing have the highest manganese con- 
tent. Sometimes screening on a single. screen of the correct’ size will make 
concentrate and tailing. At any rate; the hardness characteristic favors 
Gravity concentration, which requires material that is not too fine. This 
hardness ee eee warrants further comment. Not only are the coarser 
sizes of higher manganese content than the finer: sizes, but also the coarse 
manganese—bearing grains ere richer than the fine manganese grains. To state 
this relationship in another way: The hardness increases with tne purity. 
This is not true of rhodochrosite, which occurs in a high state of purity and 
has clean mineral in all sizes. Gn crushing rhodocrosite fine enoven to liter- 
ate adhering gangue all ‘sizes ounare clean mineral. 


e 
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Magnetic Permeability 


Probably no other ores are so generally permeable to majnetic forces as 
the ores of manganese. The magnetic permeability of manganese minerals in 
iany instances is due to the presence of iron. i:anganese minerals of the high- 
est purity can however be concentrated by the use of high-intensity senarators, 
and the wanganese compounds themselves mey uncer certain conditions be ferro- 
Inagnetic. Hkhodockrosite is so susceptible that the commercial use of magnetic 
separetors las been considered. he ma;netic separation of an o::ide ore, large- 
ly pyrolusite, is in commercial practice. Ligh-intensity magnetic separators 
are required for sevaration of the manganese mwinerals. however, tue permeabil- 
ity of these minerals is frequently higher than that of the associated iron 
minerals. Such ozides as pyrolusite and psilomelane have been separated from 
tue less-permeable limonite. Martin (243) states that precipitated manganese 
dioxide is quite magnetic. The iron ‘content wes only 0.096 percent. 


The use of the magnetic properties of the’ manganese minerals as a means 
of making commercial sevarations has not been edopted sore widely because of 


tne cost of the enue ment and the necessity for preliminary drying and sizing 
of tne ore. 


stiches decile 


When the ratio of weights (in water) of unit volumes of gangue and miner- 
al isl: 1-1/2 or greater gravity concentration must be considered. 


The outstanding methods of gravity concentration are jig,ing and tabling; 
tne first is by vertical currents of water and the second by horizontal cur- 
rents. Since these metnods, with all the supplementary devices and procedures, 
are described in the many tez:-tbooks on ore dressing and in technical publica- 
tions the discussion will be abridged. 


Jigs and jigging permit many classifications. Only two will be mentioned; 
the first relates to one of the mechanical features, and the second depends on 
prevaration of the feed. The first is subject to two divisions; the sieve 
may be movable or it may be Fixed. 


(1) When it is movable the jig may be called a basket jig because the 
sieve constitutes the bottom of a frame or basket. ‘he basket works in a tank 
of standing water and hence is most desirable when water is scarce. The simv- 
lest pattern is worked by hand and is called a hand jig. The feed and dis- 
Coarge are intermittent. Its simplicity and low cost make the hand jig a 
desirable concentrator where a small mine is being; developed. Larger basket 
jigs are driven by power; and some of them, in addition to the up and dowm 
motion of the basket, impart a horizontal throwing action which speeds up the 
travel of the charge. They are at their best in handling *oarse material. 


(2) Fixed-sieve jigs are more common and are usually home-made. The 
motion of the water is actuated by a plunger, either at the side of the jig 
cell or under it. Fresh water must be added to replace what passes over the 
tailboard and through the hutch. Since it is always added to the plunger 
the amount affects the rate of suction. When mch water is used fine material 
rides on the char,ze; when little water is added a suction is created that draws 
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fines into the hutch. a jigman prides. himself on the adjustment of suction to 
suit the particular ore. ijanganese 6rés, usually lean in the fines, vould re- 
Quire minimum suction--tiet is, meximum amount of veter to throz the fines inte 


the tailings. 


The other classification--tnat devendin: on vreparetion of the feed—-is 
no less important than the first. The feed way be sized or mixed (unsized). 


Tae sized feed is the only. kind that is metallurgically correct. ‘Then 
the ore is difficult-~that is, hen the mineral is only moderately heavier 
tuan the gangue--the feed should be sized between limiting screens with oven— 
ings that have a ratio not greater than 1: 11/2. To do othervise is to viol- 
ate natural laws for ez:pediency. ivhen the mineral is heavy, like galena for 
ex.aaple, and liberated from the gangue almost any procedure will recover it, 
but if it is disseminated through the gangue so thet the composite grains have 
an interuediate density thougnt must be ziven to precision, The jigging of 
manganese ores is most satisfactory when the feod is sized. The best method 
to draw concentrates is through correctly spaced holes in the sieve. 


Table concentration is for material finer than Sum, Just as a jig feed 
requires sizing, so does a table feed require classification with a multinvle-— 
solgot hydraulic classifier. The more difficult ores need to be classified 
more closely than the easy ones.-°- ‘Since the fine sizes of mangenese oxides 
have the low-grade and lightweizit grains segregated therein close attention 
shorld be given to table concentration. 7 | 


Before resorting to jigging and tabling tne ore should be fractioned on 
heavy liquids. If heavy liquids do not yield concentrates that are up to 
érade it is folly to try to make machinery do it. Some manganese oxides are 
too inherently foul to yield concentrates by any kind of pnysical sevaration. 
wany examples of float-and-sink tests are given in this report. 


Surface Phenomena . 


The practice of flotation bezan in australia about 1904 and was taken up 
with vigor in the United States about 10 years later. It devends on phenomena 
exhibited at the mineral-water interface. When the ore is crushed fine enough 
these phenomena predominate over those due to mass, so that minerals with dif- 
ferent surface properties may be separated by flotation. Flotation is funda- 
mentally gravity concentration because it.depends on the attachment of air 
oubbles to the mineral grains to make a@ composite aggregate lighter than 
water; thus the mineral is brought to tne surface of the pulp and removed, 


Only during the last decade has flotation cf minerals other than sul- 
chides, native metals, and a few of. the oxidized copper and lead minerals be- 


come important. Many nonsulphide (53) minerals are now knovm to be floatable, 
anid the number that can be Seer Bye flotation is growing rapidly. 
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Flotation as a process for tre treatment of ores of manganese was investi- 
Gated, and many ores were found to be awenable to it. Of the wanganese miner- 
@ls, rhodochrosite is readily floatable. ‘the ozide minerals, such as nyrolu- 
Site, manganite, and psilomelane, are less floatable, but in many instances 
satisfactory separation of these minerals is possible. The »rocess works best 
when the manganese minerals are clean, end the gangue is hard and noncalcareous. 
The reagents used in the flotation of manzanese ores are similar to those used 
in other nonsulphide sevarations, namely, soap or a fatty acid as a collector, 
pine oil or cresylic acid as a frother, sodium silicate as a dispersing agent, 
and sodium carbonate to control the alkalinity. The flotation of manganese | 
Ores other than rhodochrosite has not been cemonstrated successfully in large- 
scale mill operation. 


iach literature on flotation is available, and what follows in this revort 
will show some preliminary work on the flotation of ores of manganese. 


EXPERIMENTAL STUDY OF ORE DRESSIiG OF URES UF MANGANHSE FROM. VARIOUS DISTRICTS 
a Scope of work _ 


The following pages will be devoted to brief descriptions of some of the 
various manganese districts and to.a resume of experimental work at the United 
States Bureau of i.ines Mississippi Valley Experiment Station, Rolla, Mo. The 
order of treatment is alphabetical by States. 


Heavy liquids were used to determine the amenability of the ore to gravity 
concentration, The rapidity with which tests can be maae witn heavy liquids 
made possible the examination of a-great many samples. The results of the 
float-and-sink tests indicate the theoreticel grade of concentrates and the re- 
covery of mineral that can be expected from commercial equipment when working 
on the seme size of ore. «As a general rule, it may be said that jigs and 
tables will not give as high a recovery as float-and-sink tests indicated, but 
this is frequently compensated by a somewhat higher j,rade concentrate due to 
the loss of some of the miadling grains in the tailing. The use and care of 
heavy liquids have been reported in other publications (52, 283, 365). 


The authors are not in a position to estimate the amount of ore in the 
various districts, and no attempt will be made to give probable treatment 
costs of these ores by different processes. The purpose of the investigation 
was to determine what could be done toward concentrating the manganese ores 
of the country by ore-dressing methods. This aim has been kept in mind, and 
the determination of what could be done has been given more thought than the 
question as to whether such processes would be profitable at present. 


Kingwin District, sriz, 
Location and Extent . 


Large amounts of low-grade ores have been reported in recent years as oc- 
furring in the district north of the Williams River in Mohave County, Ariz., 


between Kingman and Wickenberg and known as the Kingman district. These depos- 
its have been described by Jones and Ransome (182) and also by Wilson and 
Butler (393). 
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Mineralogy 


The manganese in high-grade ore is in tne form of psilomelane and p;rolu- 
site, replacing, iimestone. ne manganese minerals ere in slaggy vesicular ag- 
gregates. The only gangue miners noted are gypsun, clay, and e& small amount 
of chalcedony. 


The samples of low-grade ores examined contained quartz and feldspar 
grains with some clay. Mangenese oxides are scattered in finely divided form 
throughout. ty a 


Concentration Tests 


High-Grade Ore. - The sample studied analyzed 28.5 nercent manganese, 
1.6 percent iron, 16.7 percext insoluble’, and 0.025 percent phosphorus. 


A slight enrichment can be accomplished by crushing and washing ovt the 
slime, which is mostly cley. Float-and-sink tests of ore sized between 1/2 
inch and 14 mesh shoved no liberation of gangue. Similar ceee of ore sized 
between 14 and 65 mesh showed that the percentage of insoluble” would te re- 
duced from 17.7 to about 15.2 percent if tabling were practiced. Further 
crushing would undoubtedly favor production of somewhat higher-grade concen- 
trates. The high-grade ores of this district, while limited in amount and 
cuite stliceous, have the desirable characteristics of poe on ee &@ low ircn 
énd phosphorus ccntent. 


Low-Grade Ores. - Three samples of low-grade ores, said to be representa- 
tive of large deprsits, were examined: The samples looked much alike and con- 
sisted of brownish black porous material, the perticles of which could be 
readily broken with the fingers. Nany pieces glistened, die to tue presence 
cf small quantities of calcite. The majcr part of the material is quertz, 
feldspar, and clay. wuenganese oxides are scattered -in finely divided form 
throughsut. Analyses Of the ‘SemD Les examined follow: | 


As all three samples had beaiee: similar aiaeastiehictivn, that of highest 
gerade was chosen for e:.perimental work. When the sample was crushed to one-— 
salf inch it gave a slight enrichment of the coarser sizes; due to the ten- 
Gency of the clayey portion to slime. 


’ To simplify the chemical work many samples Tetea are reported in terms cf 
~nsOluble rather than as silica. Un most ores the values for insoluble and 
silica are very close. Insolubles are cbtained by dissolving in. aqua regia 
and taking to dryness. The residue is then treated witn concentrated hydro- 
snloric acid, diluted with water, and filtered. The insoluble residue and 
filter paper are ignited end weighed and reported as insoluble: True silica 
may be determined from the insoluble, if desired, by the usual methods. 
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Float-and-sink tests of sized portions were made in a liquid with a spec- 
ific gravity of 2.50 and showed conclusively tliat high-grade concentrates could 
not be made by jigging or tabling. The cleanest concentrate contained only 25 
percent of mangenese and had 38 percent of insoluble, The recoveries of man- 
ganese in gravity concentrates would be poor. 


There were attempts to concentrate by flotation, but the results were un- 
satisfactory. Concentrates were made, byt their silica content was always high. 
Intimate association of the mineral with the gangue, large quantities of soluble 
salts in the ore, anc the presence of much clay contributed to tne failure of 
this process. 


From the experimental work on the low-grade ore its concentration by pres- 
ent ore-dressing methods appears hopeless. Claims have been made that the ore 
is amenable t» leaching vrocesses. If a low-ccst vrocess can be used the 
devosits may prove valuable. Undoubtedly some higher-grade portions of the 
ore deposits can be used for metallurgical purposes. 


Batesville District, Ark. 


Location and Extent 


The Batesville district, near the town of the same name in northern 
Arkansas, has long produced manganese ore and ferruginous manganese ores. 
This district is an east-west belt 4 to 8 miles in width and about c4 miles 
in length. The area has particular interest due to the widespread occurrence 
of manganese minerals and to the variety of the types of depssits in which 
they occur. 


Types cf Deposits 


Several excellent geological reports are available, the most recent being 
ty Miser (260). The ceposits may be grouped in the order of commercial impert- 
ance as follows: . 


. Residual deposits derived from the Fernvale limestone. 
- Devosits in the Cason shale and its residual clay. 
Replacement deposits in the Fernvale limestone. 

- Replacement deposits in clay. 

- Transported deposits in stream gravels. 


OP OO ee 


A small production has come from the last twe types of deposits, but as 
tney have interest only from a scientific viewpoint rather than as a source of 
supply of manganese they will not be discussed. 


Residual Deposits Derived from Fernvale Limestone. - Ore deposits of this 
type are the most imvortant in the district. They have yielded the greater 
part of the high-grade ore as well as a considerable proportion of the low- 
grade ore. The ore occurs disseminated in the residual clay in all gradations 
of form from large lumps of hard ore to irregular bodies of wad ores. The 
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chief manganese minerals are psilomelane, hausmannite, wad, and braunite. The 
latter is the least common. ‘The subject vill be discussed under lump ores, 
wanganese-bearin’, clays, and wad ores. vo 


Lump ore. — The lump ore is of high grade and can be recovered readily 
from the clay and particles of chert. Some analyses oz: lump ores mined during 
ls29 shoved thet they contain 46.0 to 58.0 percent of manganese and less than 
S percent of silica. These nerd ores tre also characterized by their low phos- 
phorus content compared with the sorter wad ores. 


The coarser ores are generally hand-picked, but where the ore occurs in 
finer form log washing, folloved ix some instances by jigging, has been found 
satisfactory. The croblem of working these cevosits nas been largely one of 
ining. The manganese mineral is irregularly distributed through the cley in 
pockets surrounded by clay containing little or no ore. ‘umerous attempts to 
open mines on a large scale und to employ steai shovels have failed due to the 
spotty character cf the ore cepvosits, to the large amount of valueless vangue 
that must be handled, and to the occurrence of limestone pinnacles. Froduction 
now comes from a number of small operations where the principal equipment is 
still wheelbarrots, picks, and shovels. 


Marnzanese-bearing clays. ~ The recovery of the small varticles of mangan- 
ese miner@ls associated with clay in the residyal deposits is difficult. The 
emonnt of manganese occurring in finely disseminated form in tne clay is large, 
énd a mill wes erected on Folk Bayou by i.iller & Rinehart in 1926 to treat this 
tyoe of material. This oneration represented the first definite effort in the 
district to recover such material. 


Methods at this mine were described by Furness (104, pp. 179-180) as 
rollows: 


",....The property is equinved: with an experimental mill, which con- 
sists of two 35-foot log: washers, Oliver classifier, wWilfley tables, and a 
do-foot rotary drier. The method of mining tne ore consists of a partial 
stripping with a steam shovel, folloved by pick, shovel, and wheelbarrow 
work. The surface of the bedrock limestone on which tne residual clays 
are found is very irre:ular with extensive solution channels and potholes 
among residual pinnacles of limestone. The cla; containing manganese is 
trammed to the mill ana celivered to the log washers. There is no over- 
flow from the loz washers; they are used solely as agitators. The dis- 
charge from the log washers; including tué washb-water sand and.ore, is 
passed over a fine screen; the undersize from the screcn is flushed to 
Dorr grade C classifiers. The product from these classifiers is treated 
on Wilfley tables. ‘The oversize from the first screening is crushed by 
rolls to 10 mesh and then concentrated on the Wiifley tables. The concen- 
trates are passed through the rotary drier where tne moisture is reduced 
to less than 7 percent. The capacity of the mill is aboat 100 cubic yards 
per le hours, and the recovery is 20 tons of concentrate of approximately 
tue following analysis: in, 20 to 25 percent; Fe, 18 to 20 percent; Si0s, 
14 percent; Als02, 12 percent. The rejects and tailings from the tables, 
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containing from 16 to 18 percent of manganese, are impounded in a tailing 
cond. The crude ore contains avout 12 percent of manganese. The product 
of the mill is being purchased by the Tennessee Coal, Iron é Railroad Co. 
at 42 cents a unit. Miller & Rinehart control more than 1,000 acres of 
land on Skunk Creek, and they clain that the results of drilling and test 
stripping indicate ‘several million tons of concentrating ore." 


The operation of this inill vas not satisfactory due to the high insoluble 
and phosphorus content of the concentrate ard the large losses of manganese in 
the tailings. <A sample of the sinter produced from the concentrates had the 
Tollowing analysis: manganese, 17.4 percent; iron, 19.2 percent; insoluble, 
20.8 percent; and phosphorus, 1.443 percent. — 


Concentration tests. - Samples of the manganiferous clay ai the Miller- 
Kinehart property were taken in 1929 and studied to determine the character 
of the ore and the possibility of maxing higher-grede concentrates than had 
been produced. The samples had a tenor of only 6.6 percent manganese, a figure 
somewhat lower than the reported feed to the mill. Nevertheless, the samvles 
are believed to be fairly | indicative of the grade of remaining ore. The ore 
consists of fine particles of hard manganese o:ides and of soft amorphous 
particles scattered through a ratner stiff chocolate clay. A small amount of 
chert particles is also present. Table 7 gives a screen analysis of the man- 
ganese-bearing clay and shows the ez::treme fineness of the material. Approxi- 
mately 55 pescent is finer than 200-mesh; and this fine material, although 
lower in manganese | than the coarser sizes, eonterne about 40 percent of the 
total manganese. 


) 
4 


TABLE 7s Screen oe of Manganese-Bearing Clay 


Percent of total 

Size, mesh sercent hin j P Insol. 
Plus 48.,...] 18.8 10.0 ce ; 8.3 
8 to 100... 9.4 8.0 15.2 7.3 
100 to 200..| 16.6 6.4 11.1 16.4 
Midmus 209..,] 55.2 4.5 8.3 ; 68.0 
Composite.j}100.0 | 6.2) 11.9 43.0 | 1.04}100.0 100.0 


An attempt was made to concentrate this ore by screening out the material 
coarser than 100-iesh and tabling it, but the tabling was not commercially suc- 
cessful. Hydraulic classification as undertaken by the operators was tried, 
but in no instance could o satisfactory separation be made. 


Due to the large percentage of the manganese in the form of extremely fine 
particles gravity concentration does not apnear promising. The flotation pro- 
cess also offers very little hope, as tne clay which forms the bulk of the 
material absorbs large quantities of reagents, tends to come up in the froth, 
and gives a siliceous concentrate. 
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wad ore. — A considerable amount of ferruginous manganese ore has been 
mined in the past and is now being produced in the district. Tne large lums 
of high-grade ore are Senerally vicked from these ores aid shipped sepvaretely. 
The greater part of the material can best be described as wad ore and is char- 
acterized by a lower manganese and higher iron, phospnorus, end insoluble con- 
tent than the lump ores. The material is alsc quite sofi and porous and usu- 
ally has a moisture content of avcroximately 30 percent. 


An average analysis of a shitment of 1250 tons of waa ore,during 1928 igs 
as follows: Manganese, 25.4 percent; iron, 16.4 percent; silica, 15.5 oercent:; 
alumina, 9.44 percent; and phospuorus, 1.18 percent. The moisture content was 
o9 percent. 


Due to the readiness with which the wad ores disintegrate gravity concen- 
tration has questionable value. The silica content could undoubtedly be re- 
duced somewhat, but a large portion of the manganese would be lost in the slime. 
The high moisture content of the wad ores costs the producers an appreciable 
sum each year in added freight charges. ‘she erection of’ a small custom-sinter- 
ing plant in the district vould seem justified. The use of nothing more than 
@ drying plant’ would nave no value, as removal of the moisture would render 
the ore so dusty thet it would be difficult to handle, and the dust losses 
woulc be great. 


Deposits in Cason Shale and Its Hosiiual Clay. ~ The estiectac descrip- 
tion of the deposits in the Cason shale is taken from Liiser (260, pp. 57-58), 


Tho states: 


Menganese and ferruginous manganese ores are widely distributed in the 
Cason shale. The devosits have been worked at a number of places and have 
yielded most of the ferruginous manganese ores and a considerable part of 
the mangenese ores that have been produced in the Batesville district. The 
Cason shale is generally present in the vicinity of Cushmen and farther vest. 
Hast of Cushman it is absent at most places, but tne ore deposits in that 
area are larger and contain a higher manganese content and a lower iron con- 
tent than the deposits farther west. ‘The shale is thin, at no place exceed- 
ing 123 feet in thickness, but its residual clay is 20 feet or more thick 
at the Montgomery mine, suggesting -that the shale at that locality was pro- 
bably more than 125 feet thick. 


Tne ores consist of iron and manganese oxides, which are in places 
more or less intimately mixed. The manganese oxides are mainly psilomelane 
and the iron oxides include botn red and vrowm oxides. These minerals oc- 
cur as irregular masses, as thin horizontal seams and beds, and as "mmttons", 
which are flattened concretion-like masses about an inch in their longest 
ore 


A pilot mill was constructed in 1927 by m. R. W. ‘giniis Co. Of Memphis 
to concentrate the "button" ore of the Cason mine. The flow sheet of the mill 
was very similar to that of a mill in the tri-State lead and zinc district, and 


consisting of crushers, rolls, rougher jigs, cleaner jigs, and tables. The 
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capacity of the mill was rated at 40 tons of crude ore per snift. Revorts 
(85) state that during the time tne mill operated 15 tons of concentrates, 
assaying 37 to 40 percent manganese, were recoverec frow eacn 100 tons of 
feed. The will was operated only a short time and was not a success. 


Analyses of the shale and the "buttons" are taken from tables by Miser 
(260, pp. 139-140) anc given in table 8. The percentage of manganese in the 
"buttons" varies greatly, ranging from 5.85 percert in the red "buttons" to 
50.41 in the black. ‘The percentage of manganese in the greenish-gray shale 
in which the "buttons" occurred was 5.87 percent. 


TABLE 8. - Analyses of Shale and "Buttons" from Cason Mine 


ee 
[—siog ] algo; [a0] 


Liaterial 
Greenish-gray shale..| 5.87 4.98 


Red "buttons"........| 5.85 5.08 


Black "buttons"......| 50.41 7.06 


The Cason mine was inspected in March 1929, The mine was not in operation, 
and it appeared that much of the ore containing the relatively high-manganese 
black "buttons" had been removed. The shale e:-posed in the opencuts was large- 
ly greenisn gray, and the "buttons" were only partly enriched by manganese. 
Evidently much of the ore in the Cason shale is of this type, and samples were 
accoraingly taken to cetermine whether the material could be concentrated. 


Concentration tests. - The ore from tne unaltered opencut faces is hard, 
and the "buttons" do not. shell out during crushing. Fracturing generally oc- 
curs through the "buttons" which contain on the average not more than 25 per- 
cent of manganese. aA representative sample of the ore contained: manganese, 
2O percent; iron, 7.5 percent; insoluble, 32.3 percent; and phosphorus, 0.382 
percent. 


Yloat-and-sink tests of hard, unveathered, Cason button-bearing shale 
shoved that high-grade concentrates could not be made by gravity concentra- 
tion. Ore sized between 35- and 65-nesh gave a heavy liquid (specific gravity, 
2.92) concentrate assaying 26.8 percent manganese and 23.7 percent insoluble. 
wnen heavier liquids were used the percentage of manganese recovered decreased 
rapidly, and the grade of concentrate was not mich improved. 


Replacement Devosits in Fernvale Limestone. - Some manganese occurs in 


replacements in the Fernvale limestone, but the production has not been large. 
Where the Fernvale limestone outcrops disseminated manganese oxide can be seen. 
Samples of such material show that the manganese tenor was less than 5 percent. 
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The total amount of manganese in the Batesville district is large, but 
the tonnage of ores available under present wining and milling conditions is 
statea to be only about 420,000 tons. The amount of menganiferous clay vrobv- 
ably runs into millions of tons, but the low wanganese tenor of this material 
and the absence of any proved metallurgical process for its treatment make 
this material of doubtful valve at present. The development of a ae eae 
treatment process would male ‘these deposits valuable. Miser (260, p. 85), 
quoting from his report of 1918 on ine Batesvilie-vusiman district, Be tcas 


An estimate of the quantity of available manganese ore of all grades 
in this region where mining is not preceued by systematic prospecting is 
difficult to make. Of the 180 deposits examined, about half contained an 
estimated availeble reserve of 200 tons or less. Only about one third con- 
tain 1,000 or more tons and only a few contain more than 0,000 tons, though 
certain of these contain many thousand tons. «A small number of prospects 
and mines, however, vere not visited, and these and the unexvlored deposits 
may increase considerably the reserve. The deposits of the region perhaps 
include at least 250,000 tons of available ore containing 40 percent or more 
manganese and 170,000 vous of available ore containing less. than 40 percent 


manganese. 


In computing these figures Miser coasiders tiie cost of mining and prevar- 
ing the ore for market ana accordingly calculates a smaller tonnage of lov- 
grade than of high-grade ore. ‘Since this estimate was made new ore has been 
Ceveloped, but it is believed that the amount of new ore which can be concen- 
trated does no more than offset the production. from, this district in the 13 
years since eee tee eee was made . 


A fairly sandy production of the same magnitude as in 1928 and 1929 
probably can contime fron the district for years to come if the value of ore 
remains at the price level preveiling during © those years. The possibility of 
& large increase in production in the near future under normal conditions does 
not seem great, due largely to the failure of all attempts to put mining of 
the high-grade ores on an economic large-scale production basis and to the 
fact that much of the lorer-grade ore will not respond to known methods of con- 
centration. 


Leadville District, Colo. 


Colorado has been one of the larger producers of ores of manganese. Fur- 
ness (105) estimates that the total production of the State up to and including 
1925 has been 28,799 tens of manganese ore containing 35 or more percent man- 
ganese, and 3,088,078 tons of ore containing 5 to 35 percent manganese. Since 
that time Colorado has produced 85,852 tons (375) of. Ferruginous. manganese ore, 
exclusive of fluxing ore, up to January 1, 1931. | | 


The Leadville area has been the hareout shipper of ores. of manganese in 
Colorado. Much of it is of the ferruginous manganese type, and it is well- 


suited for the wanufacture of spiegsleisen. During the war much of it was 
used to make a spiegeleisen with 33 percent manganese, 
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The chief producer of ferruginous manganese ore during recent years has 
been Craner & Co., which operates the Star group of mines. During 1917 and 
1918 this company produced about 250 tons of ore daily. Hecent production has 
been 50 to 100 tons a day. 


A representative analysis of ore from this property is: Manganese, 19.6 
percent; iron, 20.4 percent; silica, 7.41 percent; phosphorus, 0.043 percent; 
and moisture, 17 percent. Ore from the Leadville district finds its market 
at the Pueblo (Colo.) plant of the Colorado Fuel & Iron Co. 


Due to the inebility to obtain representative samples of ore from this 
district no experimental work "as done to see if the ore could be concentrated 
to a higher grade. 


Cartersville District, Ge. 


Location and Extent 


For many years it has been kno that numerous manganese deposits occur 
in northeastern Georgia, and the production of ores of manganese from that 
State is recorded as early as 1865. Of the several districts in this section 
the Cartersville area, near the town of the same name, has been the principal 
producer. 


The ore deposits of the Cartersville district are found in a belt approxi- 
mately 18 miles long and 1 to 2 miles wide. The longer axis extends north and 
northeast, the town of Cartersville lying just west of the district and about 
4 miles from the southern boundary. 


According to LaForge (172) workable manganese deposits are found in an 
area of about 3O square miles and occur in the clay and unconsolidated mater- 
lal resulting from the decay of the Weisner quartzite and Shady limestone. 


Mineral Osy 


Various manganese minerals are found, the most coumon being psilomelane, 
pyrolusite, manganite, and wad. The greater part of the manganese is believed 
to occur as psilomelane, although in restricted localities pyrolusite predomin- 
ates. The physical form in which manganese minerals occur range from soft 
powdery ore to hard nodular material, the latter predominating. With the man- 
ganese minerals in the residual clay varying amounts of cherty material are 
usually founc. Limonite is commonly present: and in some deposits is more abun- 
dant than the manganese oxides. Barite is present in some deposits, but the 
barium content of many ores is due to the barium content of the mineral psilo- 
melane. 


The largest production of manganese ores and ferruginous manganese ores 
during recent years has come from mines of the Georgia Manganese & Iron Co., 
which has been active in modernizing its mining methods and in the erection of 
a large modern mill, which was completed late in 1929. According to company 
officials this mill has a rated annual capacity of 200,000 tons of ore. 
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The ore is inined from open pits by hydraulic methods and weshed to @ cen- 
tral sumo in the bottom of the vit, where coarse ore and rock are reuoved on 
agrizzly. Ore fine enouzh to pass the sump grizzlies is pumped to loz wash- 
ers for removal of clay. The granular wateriel passes to the concentrator, 
where the coarser portion of the ore is jigged and the fines are tabled. Dur- 
ing 1930 tne mill prodwced aopro:iinately 12,000 tons of concentrates. 


Concentration Tests 


Gravity Concentration. - The prodnrction of manzanese concentrates low 
enough in silica to meet metallurgical requirements is not unduly difficult. 
The manganese ena zangue minerals are not intimately locked; and fine crush- 
ing, except on middling products, is not required. Zefore the new will ras 
built some difficulty tas exnerienced in the pilot plant in making satisfact- 
ory table concentrates. «A study in 1928 of the teble feed at Rolla indicated 
that if the ore were classified before tabling no great difficulty would be 
experienced. This problei: is believed to have been solved satisfactorily in 
the nevy mill. 


Magnetic Concentration. - Limonite is associated vith the manganese 
oxices. It is particularly abundant in the upper portions of the ceposits, 
and care is taken not to mine these irony zones. Soie iron, however, is al- 
mays associated with the ores and usually contaminates the mill concentrate. 
Limonite and other iron—bearing minerals are dirficult to remove by jigs and 
tables. Inasmuch as ore having a ratio of less than 9 : 1 (preferably 10 : 1) 
parts of mangenese to iron cannot be used for the manufacture of standard- 
grade--80 percent--ferromansanese consideravle attention was given to a study 
of ore containing a greater ratio of iron to manganese than that mentioned. 

A brief general report on this phase of the manganese investigation vas pub- 
lished in 1929 (68). 


Although iron in manganese ores or concentrates is not penalized direct- 
ly, tne manganese in the ore is paid for on @ sliding basis, witn the result 
that an indirect penalty is in effect. For example, @&n ore containing SO per- 
cent manganese and <0 percent ircn may be paid for at a rate of 40 cents per 
unit of manganese, no credit being given for the iron content, whereas an ore 
conteining 48 percent manganese and 5 percent iron will be worth 55 cents per 
unit. Therefore, the producer gains by shipping as hign-grade a concentrate 
as possible. | . 3 


The specific gravity of the limonitic grains in the Cartersville ores is 
5.4 to 3,85, while that of the manganese particles is between 3.7 and 4.4. | 
With such a small difference in specific gravity a clean separation between 
the two minerals carnot be mede on jigs and tables. <A roasting and magnetic 
vrocess, therefore, seeued the only logicel way to make the separation, and 
tests were accordingly made on the jig concentrates. 


Six samples of jic concentrates were obtained from the pilot plant of 
the Georgia Manganese & Iron Co. in 1928. Each sample, which represented jig 
concentrates made at various times and:on different types of ore, was given a 
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reducing roast at 500°C. for 30 minutes. The roast converted the limonite 
into magnetic oxide (magnetite). after roasting the ore was quencned and 
Separated for a magnetic end nonmagnetic product. No crushing wes done be- 
fore or after roasting. The results of these tests, given in table 9, show 
that the jig concentrates are particularly adapted to roasting and magnetic 
senaration. From each sample a magnetic iron product and a@ nonmagnetic con- 
centrate high in manganese ard low in iron and well-suited for the manufacture 
of 80 percent ferromanganese were made. Fortunately the iron minerals are 
associated more closely with the phosphorus-bearing and siliceous minerals 
that are the manganese oxides. Thus, the manganese concentrate is lower than 
the roasted ore in both objectionable elements. The magnetic iron concen- 
trate may be marketed as ferruginous manganese ore. 


Some jig concentrates would not have to be submitted to a roasting and 
magnetic process. Much of the ore-~for example, tne first three jig concen- 
trates in table 9--is so close to the required ferrograde that it could be 
mixed with the treated concentrates from more ferruginous ores, and the com- 
bined concentrates would still meet the requirements. 


Magnetic separation rould not supplant the jigging nov in vogue, because 
the silica must first be eliminated. Free siliceous gangue particles ina 
gravity concentrate would pass into the nonmagnetic manganese product. The 
method does, hovever, make possible the production of a high-manganese, lor- 
iron concentrate and would allow the operators to work ore bodies relatively 
high in iron, now neglected or wasted. 


In vrief, the Cartersville district of Georgia contains large bodies of 
ferruginous manganese ore in residual deposits that have as yet been only 
partly developed. A mining method whereby the ore can be removed from open 
pits by hydraulic methods has been successfully worked out. A modern mill 
was erected during 1929 and in 1950 produced about 12,000 tons of concentrates. 
The concentrates are suitable for many metallurgical uses, and laboratory work 
shows that the ferruginous concentrates sometimes produced can be converted 
to a high-grade ferromanzanese ore and a manganiferous iron ore by roasting 
and magnetic separation. 


Menominee District, Mich. 
Location and Extent 


Tne Menominee district, Mich., west of Escanaba, is primarily an iron- 
ore vroducer. However, in this. area, as in other Lake Superior districts, 
manganiferous iron ores are present. The district also contains ferruginous 
manganese ores which, on account of their relatively high manganese content, 
were given attention. 


Concentration Tests 


These ores, which are high in manganese, are quite low in silica but high 
in phosphorus, therefore the purpose of the investigation was to determine if 
a high-grade manganese concentrate could be recovered low enough in phosphorus 
to be suitable for the manufacture of ferromanganese. 
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A ferruginous manganese ore of the type described was obtained from the 
Judson mine of the Balkan Mining Co., alpha, Mich. The anelysis of tne ore 
shipped by. this company during 1929 follows (225): Iron, 35.29 percent; phos- 
phorus, 0.745 percent; silica, 5.47 percent; manganese, 19.25 percent; alumina, 
<.O7 percent; calcium oxide, 2.43 percent; magnesia, 4.21 percent; sulphur, 
QO.075 percent; and loss on ignition, 4.62 vercent. 


The sample examined was avoroximately of the composition stated above. 
Visual examination showed that the manganese and iror minerals were locked 
and that crushing to at least 10-mesh would be necessary for any liberation. 
The manganese was present in oxide form, much of it being manganite. The iron 
was present as hasatite. A screen analysis of the ore shoved that the mangan- 


ese minerals were harder than ve hematite and tend to sezregate in the coarser 
sizes. 


Gravity concentration. —- Float-and-sink tests were made of sized portions 
of the ore crushed to 10-mesh to determine whether phosphorus could be removed 
ty a gravity process. A liquid with a density of 3.30 was selected so that if 
the phosphorus occurred as clean apatite (specific gravity, 3.15) it would be 
removed in the float. Tue examination indicated that gravity concentration 
would eliminate some of the phosphorus but that the greater proportion would 
remain locked witn the iron and manganese. The degree of concentration of 
iron and manganese and ee elimination of insoluble and i aaa are shorn 
in table 10. 


Magnetic concentration. ~ a series of roasting and magnetic concentration 
tests was made to determine if the iron could be separated from the manganese 
minerals. A sample crushed to 10-mesh was given a reducing roast at 550°C. 
for 30 minutes. Tests with the Davis magnetic tube were made of a4 sample that 
had not been crushed erber roasting, of a sample through 35-mesh, and of a 
sample through 100-mesh. | 


The results of these tests are given in table ll and show how intimately 
the minerals are associated. 


Uoon crushing to 100—-mesh, 61.1 percent of the manganese is still locked 
with the iron, The nonmagnetic product is high in manganese; the minus 100- 
mesh product has a tenor of 48.58 percent manganese. Tue phosphorus and in- 
soluble tend to be segrezated to about the same degree in the nonmagnetic por- 
tion. 


To obtain more information on the occurrence of phosphorus two sized lots, 
28- to 65-mesh and 65- to 150-mesh, were given a magnetic roast similar to 
that previously mentioned. Magnetic tube tests were then made of each lot. 
The nonmagnetic tailing from each size was then fractionated with a heavy 
liquid with a density of 3.30.. The results are shown in table ld. 
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In the tests of 65— to 1: cO-iesn material it. Vas tecimicall: Sosetbue to 
oroduce a magnetic manzguniferous iron concentrate assaying 42.66 percent iron, 
18.59 percent manganese, 4.60 percent insoluble, and 0.582 vercent phospiiorus 
cud also to produce @ menzenese concentrate with a content of 4,96 vercent iron, 
07,900 percent manganese, 4.00 percent insoluble, and 0.457 nercent phospnorue. 
Unfortunately the high phospnorus content renders this concentrate useless for 
tie nenufacture of ferromanganese. 


Cuyuna District, Minn, . 


Location and kxtent 


ts large reserves «and »roduction mare tne pa ne Aietrict: Minn., one 
of the more important manganese districts of tne country. In 1028 and 1¢2¢ 
the production of manseniferos iron ores was apcoro:.imately 1,000,000 tons 
snnually. The annuzl production of ferruginous ie Sn eeS ores during this 


same perio was about 35,000 tons. 


Tue district lies southvest of tne: Mesabi range and extends southwest 
65 miles from Aitkea throigH Crosby aid. Brainerds -Tue district is 1 to 12 
miles wide. The area is of comparatively receiut discovery, havins been found 
by drilling areas that had been wanped by magnetic surveys. Tie surface of 
tne district is rolling, and ell ore bodies ere covered ty a heavy mantle of 
.,lacial drift. The occurrence of the manganese-—tearing ore Las been described 
vty Zanffe (403). ee. DM re 2 da 


types of Ore 


The nanganese-bearing ores of the Cuyuna district may be grouved roughly 
into tvo classes. The most ebiundant ore is tiie’ low-silica, low-manganese, 
lui-sn~phosphorus type celled brom™m ore: The other type is the so-called black 
ore, which is characterized by a higher manganese and silica content and oy a 
lower phosphorus analysis. than the brorn, ore. .AS @ seneral rule the brown ore 
has less than 10 percent, but poneyiies as hich AS 22 percent manganese is 
oresent. 


Although many of the bleck ores have a relatiyely high iron content they 
are not merchantable on account of their hbi,h silipa content, Ores of this 
type are frequently found in e-isting mines, and’ their concentration presents 
@ pressing problem, because, should these mine workings be allowed to cave 
before this ore is reuoved,. the cost of its recovery will be greatly increased. 
Tae concentration studies have a been Limited to the black ores. 


Mucnu of the data in the collenine ag eS hés peen taken from a orevious 
report (67) puolished in 1930. . | 


Vineralogy 


The black ores consist of intimately associated iron, manganese, and 
ganzue minerals. hematite and psilomelane are tne predominating ore minerals. 
Small quantities of manganite, pyrolusite, and limonite are also present. The 
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hematite is usually of micaceous habit and occurs disseminated in widely var; ing 
proportions in quartz, carbonate minerals, and psilomelane. Psilomelane occurs 
disseminated in a manner similar to cematite, except thet the psilomelane is 
usually in coarser grains. 


The more iseueeae geangue minerals are quartz, feldspar, and mixed carbon- 
etes, quartz predominating. Feldspar occurs principally in large grains, some- 
times partly replaced by psilowelane, The carbonates are often found as cement- 
ing; material for fine quartz grains and for hematite, psilomelane, manganite, ©. 
ana pyroiusite particles. Calcite is tne Bredenshe tine carbonate, with minor 
amounts of rhodochrosite and siderite. 


Much of the gangue may be characterized as a ferruginous chert. This 
material usually contains enough iron oxide to give it rather high specific 
erevity, maxing removal by gravity methods difficult. A further difficulty 
in ore testing is the similarity of the mineral and gangue grains, making 
visual exemination almost futile; many chemical analyses are required. 


Some idea of the close association of the manganese and iron minerals 
may be given by stating that on crushing to 325-mesh 40 percent of the mangan- 
ese still remains locked with the iron. Upon crushing the manganese tends to 
concentrate in the coarser ernete due to the hardness of the «rains of high 
manganese content. 


Concentration Tests 


In a study of the characteristics of the cre to determine the degree of 
locking of the mineral and the grade of concentrate which could be made, vari- 
ous methods vere employed. Microscopic examinations of polished sections were 
made, Roesting and mgnetic concentration tests were performed, and detailed 
dissections of the ore vere made by the use of heavy liquids. 


Microscopic Examination. - Microscopic examinations were made of polished 
sections and the results recorded by pnotomicrozrapis and camera lucida draw- 
ings. Photomicrograpis and camera lucida drawings are shown in figures 5, A 
and B, and 6, A and B, of briquets from two Cuyuna range ores. These figures 
soov the extreme. Jocking rhich exists between the mineral constituents of the 
ore. The results of this microscopic study have been given in detail in an 
earlier paper by Cooke and associates (58). 


Float-and-Sink Tests. - Float-and-sink tests with various heavy liquids 
brought out wany interesting facts. In general, they showed that the black 
ores heve an appreciable amount of relatively clean mineral and also some 
clean gangue. Some of the cangue, however, is a ferruginous chert having a 
soecific gravity not much less than that of manganese and iron oxides. The 
rejection of such heavy gangue material by gravity methods would be difficult. 
Float—and-sink tests of a representative ore are shorm in table 15. This ore 
was crushed to pass a 4—-mesn screen, and heavy liquid separations were made 
on sized samples. hkiaterial finer than 200-mesh was not treated. The results 
in tadle 13 represent the combined svecific gravity fractions from 4—~ to 200- 
mesh. Material having a specific gravity Greater than 4.0 assays 24.54 percent 
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manganese, 34.98 percent iron, and 6.51 percent silica, This fraction contains 
70.2 percent of the manganese and 51.0 percent of the iron. The presence of 
much locked material is indicated by the relatively large fraction heving a 
specific gravity between 3.65 and 4.0 and it is made up vartly of locked par- 
ticles and to a greater extent of ferruginous chert. The material ligkter 
than 3.0 consists mainly of clean gangue, the removal of which would be rela- 
tively easy with any grevity process. 


Float-and-sink tests offer an excellent method of determining the asso- 
ciation of gangue and the heavier :aanganese and iror. minerals. The specific 
gravities of the iron and manganese minerals are, however, so nearly the same 
as to make this method impractical for determining the degree of grinding 
necessery to obtain a liberation betveen the iron and manganese minerals. 
This information ras therefore found by roasting the ore to convert the iron 
oxides to magnetite, which was later removed mgnetically. 


Magnetic Concentration. - a sample was given a m-gnetic roast and then 
divided into six portions. ech portion vas crushed to pass a certain screen, 
efter which a magnetic separation was made. These tests, listed in table 14, 
shov the ez.tremely fine interlocking of the manganese and iron minerals. The 
degree of liberation progresses continously as the size of ore particles de- 
creases, Material crushed to pass a 14-mesh screen showed that only 15.83 
percent of the mangenese vas liberated from the magnetic iron concentrate, 
whereas the sammle crushed to pass @25-mesh shot‘ed liberation of 61.65 percent 
of the manganese. | 


Tne percentage of gangue in the magnetic concentrate also decreases in 
the finer sizes, The 14-mesh concentrate had 12.36 percent of insoluble, 
whereas the concentrate from the 52d-wesh size contained 7.20 percent of in- 
soluble. At 14—mesh, 48.61 percent of the insoluble is liberated from the 
iron concentrate. This amount increases progressively until at 325-mesh, 
78.47 percent has been unlocked. 


The manganese and iron minerals are associated so closely as to preclude 
the production of a concentrate of ferro grade ty ore-dressing methods. It 
should be possible to make manzenese concentrates considerably enriched in 
respect to the iron, but production of a concentrate containing 9 or 10 times 
as much manzanese as iron, sucn as is required for a ferromanganese ore, seens 
iiapossible. The association of the silica witn tiie valuable minerals in most 
of the ores examined is not as intimate as the manganese-iron combination, 
hence the production of concentrates lot enough in silica for some metallurgi- 
cal purposes seems possible. 


Concentration b; Classification and Tabling. ~ Without resorting to clas- 
sification, good tabling results may be obtained on clean sulphide ores that 


have large differences between the specific gravities of the gangue and the 
mineral. On the other hand, due to the presence of heavy gangue particles 

and mach locked mineral the Cujyuna ores present a difficult problem. For good 
concentration the ore must be well-classified before tabling is undertaken. 
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Tabling certain of these ores has mace ® merchantable grade of concentretes 
with @ fair recovery. Due to the necessity of fine srinding to optain libera- 
tion, some or tne ores, hovever, are not amenable to such treatment. The re- 
sults of tabling one of the more amenable ores are shown in table 15. 


The ore was crusned to 10-mesh and classified into four spigot vrodcucts 
and @ slime overflow. ach srigot product was tabled separately and a series 
of samples taken around the table. These cuts were léter combined according 
to analysis, @na for simplicity only the composite concentretes and tailings 
are shown. The combined concentrates represented 54.79 percent of the weizcht 
of the samples and had a tenor of 20.€7 percent manganese, 04.62 percent iron, 
and 9.74 percent silica. appro:-imately 72.0 vercent of the manganese and 60 
percent of the tron were recovered. In this test @ small laboratory table was 
used, and none of the middlings were re-treated. as alreédy mentioned, a 
better recovery of manganese then iron is shown. A commercial plant would 
have the advantage of classifying the ore into a greater numoer of products 
of closer size, of using larger tables, and of grinding and recirculéting 
middlings. 


Upon crushing &n ore to table size slimes are unavoidably produced, and 
unless some @wiliary method is available for the treatment of these slimes 
mich miner@l is lost. Gn some ores examined locking of the mineral was so 
intimate that grinding to at loast 100-mesh would be necessary to give @ con- 
centrate of commercial grade. Flotation was accordingly tried on table slimes 
&@nd on ores ground directly to flotation size. 


Flotation. - « flotation test of a high-manganese nonmerchantable ore 
snowed that a desiraole concentrate could be madce, The results are given in 
table 16. The concentre@te contained 67.84 sercent of the mang@nese and 53.11 
percent of the iron. The middlings were not recle&ned. 


TABLE 16. - Flotation Test of a Eigh-Mengenese Ore 


‘Weight, | AS S& percent } Percent of total 


Product nercent Mn SiO 
Cleaner concentrates...) 53.4 | 29.16] 25.53 26.87 
3 (ell 8 00-4 aa 17.9 | 22,61 27.35 |19.78| 17.561 10.06 | 18.22 
Rougner concentrates...| 71.3 25.99 65. a ee 45.09 
Rougher tailings..+.... 28.7 11.68 | 24.50 | 37.20| 14.60] 27.83] 54.91 
Composite......... 100.0 19.43/100.00} 100.00 | 100.00 


ound 
Reagents used ton of bre dg Bae 
Oleic Aacid........ ewe “Oee. 
Sodium oleate..... Peres oe 
PIN Gil y-¢ weiss eres 204 
Sodium silicate....... * 3.00 
Sodiwu carbonate...... 2.00 
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The reagents used evidently had little tendency to float the iron miner- 
&als since the iron analyses of the concentrates and tailings were nearly the 
same. It is thcught that much of the iron that went into the concentrétes did 
s0 solely because it was locked with manganese minerals; that is, the flotation 
is selective with respect to the manganese. The tendency of the manganese min- 
eralg to float is pronounced. The concentrates lad 29.16 percent manganese, 
voile analysis of the tailings .showed only 11.60 percent. 


Flotation requires the use of soft water. If hard water containing large 
quéntities of calcium or megnesium salts is used the reagent consumption is in- 
creased due to precipitation of the ole®tes as insoluble calcium or megnesium 
oleates, and the time required for the frothing operation is also increased. 
With sort or treated waters the mnganese minerals float fairly rapidly. Then 
the €mount of reagents used decre@ses, @nd a more efficient separation can be 
made. Table 17 shows the results of a test - @ Cuyuna ore, in which softened 
mater was used. 


Flotation offers a means of concentrating some ores which are so badly 
locked &s to prevent @ merchantable concentrate being made without fine grind- 
ing. Table 18 shows the results of float~and-sink tests of an ore of this 
nature sized between S5— @nd 65-mesa. ne high silica content of the two 
heevier fractions indicates that there is little hove of obtaining & concen- 
trate from this ore by t@bling at 10-mesh. Actual tabling tests proved this 
point; the concentr@tes carried about 15 percent silica. Grinding to 100-mesh, 
horever, liberated the mineral: enouzh to allow a merchantable concentrate to 
be mde -by flotation. Flotation. cannot, however, be used ‘with success on @1l 
Cuyuna ores. aA few of the ores eramined are so commlec: that grinding to 100- 
mesh acoes not make possible the production of concentrates low enough in silica 
to be merchantable at present. One ore, whicn is representative of rather large 
reserves, responded to a tabling treatment but vould not yield good-grade con- 
centrates when the entire samole was ground to @ fine size and floated. A 
microscopic study of this ore vy Coolce previously mentioned (58) showed that. 
the reason for this wes the presence of & smn@ll anount of carbonate. This car- 
bonate was very finely disseminated through siliceous gangue particles (see 
fig. 5, B), @ad since the reagents used in flotation tended to float carbonate 
minerals this siliceous carbon&te was concentrated in the froth along vith the 
manganese @nd iron mineréls; hence, the resulting corncentr@étes were too sili- 
ceous to be acceptable, -Aan all-flotation process. tnerefore could not be used 
on this ore, &¢ least not with the reagents now in use. This ore can, however, 
be tavled first and the objectioncrole c&rbonate removed, after which the con- 
centrates can be ateaved a eda &s explained more fully in the follow- 


ing pages ; 


Combined Tabling aud Flotation. - Some Cuyuné ores contain @n @poreciable 
amount of méenganese @nd iron winerales recoverable at table size. It is logical 
to recover 4s much 4s possible of this coarse miner@l without further grinding. 
Another point in favor of using tebles instead of crushin; direct to flotation 
size is that the flotation reagents so far used show little tendency to float 
toe iron mineréls, whereas some maybe recovered by gravity. Consequently, 
tadling before flotation ‘should ra emead pareres the percentwecs: of iron 
recovered. | 
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TABLE 17. - Flotation Test, Usinz Treated Water 


- weight, Assa percent Percent of total 
Froduct__ percent Fe | SiO 


7.65 | 25.45 |45.80 | 


68.69 | 80.08] 33.08 
100.06 | 100.00 | 100.00 


11.31} 19.92} 66.S2 
Founds per 


ton of ore 


gpiadisiva case verde 0.16 
Serra . 00 
dca OA Sioa abs 08 
Sodium carbonate.... 3.00 
TABLE 18. - Float-and-Sink Tests of a Ore, 35- to 65-Mesh 


Percent of total 


Svecific-gravity ASS percent 


__fraction Fe Insol. 

rloat on Cio toe aenes 25.6 
Bio: CO G4 208-65 a's ees 21.5 
3.20 to 3.66..... Parelace 25.3 


Sink in 3.66..s..06... 29.6 


Total... eeee eee 100.0 | 100.0 


The ore used to determine the value of tabling before flotation was one 
of the most difficult of the Cuyuna ores e-Amined. Previous larger-scale 
tests, in which the ore had been crushed to 8-mesh, classified into 10 spigot 
products, and then tabled, showed that the best concentrates obtainable at 
this size contained 14.6 percent of silica, clearly indicating the necessity 
of finer grinding. A sample of the ore was therefore ground to 65-mesh, then 
deslimed. The granular portion wes tébled for concentrates, middlings, and 
- tailings. The middlings were then reground and added to the slimes, which 
were then treated by flotation. The results of this test @ppear in table 19. 


The table concentrates were somevhat higher-grade than the flotation con- 
centrates, due partly to the cutting out on the table of the cleanest mineral, 
permitting all locked grains to pass into the middlings for regrinding and re- 
treatment in the flotation cells. | 


Pilot Plant 

As &@ result of this investigation & pilot stant consisting of 10 tables 
“as built near Crosby, Minn., in the summer of 1900 to treat black ferruginous 
manganese ores. Results with this teble plant have in general checked labore-— 
tory results. 
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TABLE 19. - Combined Tabling and Flotation Test 


ricight, ASG percent f Percent of total 
Product ercent| hn | Fe | Si02 | hn | Fe Sid 


Table concentrates......! 28.8 | 23.29 | 36. 36.01 8. 288 37.43 | 33.51 | 11.18 
Flotation i pasar 31.5 | 22,72 | 33. 88.08 cS o7 | 39.68 | 33.98 | 17,30 


Combined concentrates. ee | 23.00 | 4.75 {10.75 77.11 67.49 28.48 
Table tailings...... , 7.90 | 17.06 | 58.58 2.70 3.42 15.98 
Flotation tailings...... = : 10.71 | 26.71 | 37.46 | 20.16 29.09 55.54 


Combined tailings...... 39.9 | 10.27 | 25.21 140.73 | 22.89 | 32.51] 71.52 
Composite.......... 100.0 | 17.92 | 80.95 22.72 {100.00 |100.00 |.100.00 


Reagents used in Founds per 


flotation test ton of ore 
Oleic Bie abc: ol Shc ~ 0.20 © 
Pine oil. Meets wi, buted 
Sodium silicate. 6.00 
Sodium ee, ee 5.00 


A sm@ll flotation unit was also installed to treat the slimes from the 
table unit. The over@étion of the flotation unit vas not entirely satisfactory, 
and more large-sc&le Seen work on this phése of the problem is needed. 


This plant progused noEne Auatelg 2, 000 tons of concentrates during the 
sumer of 1921. 


Butte District, Mont. 
Location and Extent 


The Butte district, Mont., first attracted attention as a large potential 
oroducer of mang@nese during 1916 and 1917, when the vrice of manganese ore was 
high and the possibilities of obtaining large quéntities of domestic ores were 
first considered. at @ comparatively early date some o::idized ores vere mined 
for their silver content, but the use of the black oxidized ore and the pink 
rhodochrosite ores was not considered scriously as 4 source of mangeanese until 

tue beginning of the \Viorld War. 


The vroduction from this district in 1918 vas 72,381 tons, of which the 
rhodochrosite contributed by far the greater amount. «After the war period the 
mining and shipment of the rnodochrosite continued, but on & smaller scale. 

Toe developwent in 1927 of & vrocess for célcining and nodulizing high-grade 
rnodockrosite ores constituted.& cistinct step in the metallurgical process of 
the district. The develooment in 1928 of flotation for concentrating the low- 
grade ores increased the reserves 4nd has made possible production of the high- 
est-gréde metallurgical manganese ore in the world merket. 
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Toe location of the Butte district is well-knom to all mining men. Its 
sener@l geology has been most fully discussed by weed (381) and Sales (333). 
« study of the mengenese deposits in particular has been made by Pardee (290). 
In discussing the occurrence and distribution of manz@nese eve’ (28S, po. 141- 
146, 174-176) says in part in his later report: 

**m, The lodes ee are formed along steeply pitcning fréctures in 
eranite (quartz monzcnite) anc extend to great depths. Nanganese miner- 
@ls are widely distributed, both Lorizontally and vertically, but they are 
comeratively scarce in tht varé of the district knowm as the central 
copper zone aid plentiful in an adjecent veripheral belt & / mile or more 
Wide c@lled tue silver-zi:c zene. 


Tyves of Ore 


In generél, tvo main types of minganese-bearing ores are found in the 
Ratte lodes, the clacl: o::idized ores‘near the surface and the pink carbonate 
end silic&éte ores thai occur belor, Perdee (293) says that the lower limit of 
tie zone of oxicaetion does not etene more the: 20 to 20U feet below the sur- 
face, 


- Oxide Ores. = Originally mich fairly high-grade o:.ide ore was fournc. in the 
outcrops but. wes lergely mined in the exurly days. Lower-grade ore bodies con- 
taining 12 to 35 oercent mengai:ese occur, vut they have never been opened to 
any extent as the ore has usuéily beer too low-grede to be marketable, @nd con- 
centration has not been successful. Acccrding to Pardee (288, vp. 173-174), 
the Butte district was estimated to contain, in 1917, 1,000 tons of hign-grade 
ore (40 percent or more manganese) and about 400,000 tons of siliceous material. 
The high-grade ore wes vrobébly mined during 1918, but only @ sll part of the 
lov~srade ore was mined. 


The character of the oxide ores found in various parts of the district 
varies considerably, but in vener@él the ores may be said to consist of particle 
of vein quartz cemented with or pertly replaced vy &@ variety of manganese oxides, 
pyrolusite predominating. Tse manganese minerals and the ‘siliceous gengue are 
intimately mi::ed, mking the production of a lala concertrate. by ore- 
dressing methods e& =tremely difficnlt. 


Carbonate Ores. -— Below the sseetvea zoue of the lodes in the manganifer- 
ous area of Bitte the manganese occurs as rnodochrosite, vitn smaller amounts 
of manganese silicate: (rhodonite). In places the rhodochrosite occurs almost 
free from impurities. From these ore bodies the high-grace ores--containing 
3o percent or more of mngénese--were mined during the war >eriod and later 
were mined and calcined. The deposits of high-grade rhodochrosite ores have 
been found only in mines in the blacl: Chief vein. The Emma mine has veen the 
chief producer, although the Ancient and Travon& mines produced during 1917- 
1919. The total amount of high-grade rhodochrosite mined from 1917 through 
1928 has been estimated at 230,000 tons. 
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In addition to the high-grade rhodochrosite dewosits larger deposits of 
Ore occur diluted with quartz, some rhodonite, and small amounts of galena, 
sohalerite, and pyrite. They also carry some silver. The proportions of 
rhodochrosite, rhodonite, and quartz vary throughout the various mines, and 


it is impossible to estimate with Becueeey. the manganese tenor of these depos- 
its, 


The occurrence of the low-grade ore is widespread; the amount is indi- 
cated by Pardee (288, p. 176), who, in 1921, after discussing the amount of 
high-grade carbonate ore in the district, said: 


**exR, In Addition the lodes contain an alnost unlimited quantity of 
low-grade material consisting of the carbonate and silicate of manganese 
&nd quartz mixed in different proportions. This constitutes a reserve 
from which, if the necessity arose, the country's needs might be largely 
supplied. With improvements in the methods of reduction, much of it 
mizht even become valuable under ordinary conditions. 


On Account of the larse. amount, this low-grade ore has been given the 
most attention in the recent study of the Butte ores. The results of the ex- 
periment&l work on the oxides and carbonates follow. 


Concentration Tests 


_ Qxide Ores. - Much of the oxide ore is of low grade and not usable with- 
out concentration. Samples renresentative of much of the low-grade ore were 
obtained from outcrops of the Black Chief vein on the Travona claim. The lode 
was 100 to 150 feet wide. The samples represented 40 to 60 feet of the width. 
The ore is similar to that of the same vein which has been mined on the Ancient 
claim and. my be deemed & counterpart of the material above the rhodochrosite 
ores of the Emma mine, where the oxidized zone is not observable. 


The composite sample had 12.3 percent manganese, 2.4 percent iron, 75 
percent insoluble, and 0.047 percent phosphorus. Much of the manganese oc- 
curred 4s pyrolusite, and the principal gangue mineral was quartz. Micro- 
scopic e Amination showed close interlocking of the manganese minerals and 
quartz and gave little hope that a low-silica concentrate could be obtained 
by ore-dressing methods. 


Float—and-sink tests of a fraction sized between 20- and 35-mesh substan- 
tiated the results of the microscopic examination. The sink in @ liquid with 
&@ specific gravity of 2.95 contained over 30 percent insoluble, largely silica. 


Tne percentage of manganese in the average Butte oxide ore is low, and 
the association between the manganese and the quartz is such &s to make it ex- 
tremely difficult, if not impossible, to produce lov-silica concentrates by 
ore—dressing methods. Some oxide deposits are known to be higher-grade and 
the ore somerhat cleaner, but the smll tonnage of this material did not seem 
to justify further experimental work. . 7 
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‘Garbonete Ores.. - The low-grade carbonate ores occur ‘as a nixture of rho- 
dochrosite,- quartz, #nd smaller @mounts of rhodonite and sulphides. aay néve 
no vale. wiLnout concentration and accordingly were aot aes exAnined. 

Due to ‘the size of the Menwstt of siliceous ee tenane ore in ehe ‘Eom 
mine, most of the research work ras on ore from that property. A sample of. 
ore requiring concentration was about. half quartz; lead, zinc, @nd iron sul- 
phides were @lso present. Tne riodochrosite amounted to nearly 40 percent, so 
that the sample had about 20 percent manganese. The sample ras taken across 
a 45-foot vein, no portion of waica could te wined to produce a@ high-grade ore 
of 56 vercent or more manganese content. 


Some rhodochrosite occurred as clean pieces 1 inch or larger. ituch of 
the quartz also ‘@s present in fairly large pieces. However, some of the 
quartz was finely disseminated through the rhodochrosite. Galen, sphalerite, 
and pyrite were found in sm@l] quantities, generally interlocked with the 
quartz. 4 sinél 1 amount of rhodornite wes &@lso present. 


ae the peeinning of the. investigation: the only available method for con- 
centrating these ores seemed. to. be. gravity concentrétion. However, reseérch. 
showed that hign intensity menetic concentration and flotation were applicable. 


Gravity concentration. - Gravity concentration of this carbonate ore . 
crushed throug 1U-uush was only partly successful. The specific gravity of. 
rhodochrosite is 3.6, and that of quartz is 2.65. The relative densities in- 
dicate that a separation should be obtained. Hovever, even with classified . 
‘feed, tables gave mediocre results with high-silica concentrates. One obstacle 
of gravity concentration is the fine dissemination of the quartz in the rhodo- 
chrosite and the interloclcing of the sulphides and qu@rtz. The latter condi- 
tion is very troublesome because some composite grains have the same density 
&@s rhodochrosite. Gravity concentration does not appear promising as & nethod 
of treatment for the production of low-silica concentrates. It does, however, 
offer possibilities by removing some relatively clean quartz at table size, 
thus eliminating the necessity of grinding 811 of this resistant mineral to a 
fine size. Tests show that avcoro:imately 55 percent of the quartz can be elin- 
inated by tabling 10-mesh material vith a loss of ony le penceny of the man- 
ganese, 


Magnetic concentration. - A search of the literature on magnetic concen- 
tration is not likely to lead one to try the process on rnodochrosite. Never- 
theless, the sample examined was found to be decidedly permeable under a high- 
intensity magnet. Later on, the results of a test in @ commercial laboratory 
on ore crushed through 20-mesh without the customary preliminary sizing showed 
that 32.1 percent. of the ore could be obtained in @ concentrate containing 
about 43 percent manganese @nd 6.05 percent silica. «an additional recovery of 
manganese could be made by regrinding the middling product. The greater por- 
tion of the lead and zinc sulphides in the ore passes into the tailings. E- 
periments showed that rhodonite had almost the s@me. megnetic perme2bility as. 
rhodochrosite. Hence, magnetic separation of the two minerals is not possible. 
Ore containing any appreciable quantity of rhodonite therefore cannot be used, 
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as the rhodonite passes into the concentrate and makes a siliceous product. 

If rhodonite is absent a high-intensity magnetic process will undoubtedly give 
a concentrate which after calcination will be suitable for metallurgical pur- 
poses, The objection remains, hovever, that the ore must be cried and sized 
before yvassing over the magnetic separator. The cost of such separators is 
relatively hizh, and the amount that each machine could handle would probably 
not average over a ton of feed per hour. The lead and ginc in the ore would 
be segregated in the tailing and could be recovered only by pen aver them 
by some other process. 


Flotation, - In the course of the investigation a flotation seine’ that 
resulted in an excellent separation between the various constituents of the 
ore vas developed. The major part of the sulphides is readily recovered by 
the use of e. small amowt of xanthate, copper sulphate, and pine oil. The 
rhodochrosite is then floated by the addition of sodium oleate or oleic acid 
and pine oil. The quartz and rhodonite pass into the tailings. 


The sulphide concentrates from a typical run had 3.0 percent manganese, 
21.3 percent iron, 18.4 percent zinc, and 8.1 percent lead. Less than 1 per- 
cent of all tne manganese was entrained in the sulphide concentrates. 


The finished manganese concentrates made subsequently contained 67.7 per- 
cent of all the manzanese and assayed 41.55 percent manganese. The tailing 
had less than 5 percent manganese and contained 10.8 percent of the total man- 
ganese in the sample. The middling had 37.35 percent manganese and represented 
31.7 cercent of ti:e total manganese in the feed. In plant operation the amount 
of manganese recovered in the concentrates may be increased by part of the man- 
ganese in tne middling; individual. tests have shown that this product is amen- 
able to further cleaning. ‘The finished concentrates contained 6.9 percent in- 
soluble matter, while the tailing included 89.8 percent insoluble. This result 
shows a decided selectivit;. The results of this test and the reagents used 
are given in table 20. 


Since the rhodonite passes into the tailings along with the quartz, man— 
ganese ores containing; rhodonite can be concentrated readily by flotation. 


The practicability of flotetion for this ore has been proved by plant 
tests by the Anaconda Copner Mining Co. aA summary of the results at this 
plant is taken from a current technical publication (84): 


Testing of flotation of rhodochrosite ore from the Emma mine of Butte 
Coover & Zinc at the plant of Anaconda Cooper Mining at Anaconda, Mont., 
indicates that the method can be satisfactorily anplied to this manganese- 
bearing ore. Since December 16, 1929, about 12,000 tons of rhodochrosite 
ore, averazing about 30 percent manganese and more than 2O percent silica, 
has been treated. The concentrate has averaged 3S to 40 percent manganese 
and less tian 6 percent silica. The ore is now being treated at the rate 
of 200 tons daily, and about 200 tons of concentrate is being shivped to 
the Domesvic Manganese & Development plant at Butte. This represents a re- 
covery of about 95 percent of the manganese content of the ore. The nodu- 
lized product averages 60 percent manganese and 7 percent silica. 
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. B. Daly (61) manager of mines of the snaconda Copper Mining Co., states 
that working out a flotation process for treatment of rhodochrosite ores in his 
-COnmpany's mines has trebled the reserves of the Butte district. He also states 
that the cost of the flotation method will not exceed $1.50 ver ton and pro- 
bably will be $1.00. The value of the byproducts, lead, zinc, and silver, ace 
cording to daly, more than offsets. half of the milling cost. 3 


Philipsburg District, Mont. 
Locetion and Extent. 


The Fhilipsburg district SO niles northwest of Butte is the. chief Saoaguces 
of cnemical-grade manganese ores in this country. Over a period of years this 
district has produced approximately 95 percent of the country's ores of. this - 
grade. <Altnough a small tonnage of ore-was shipped as early as 1900 substan- 
tial production did not begin until about.1916. During 1917 and 1918 the dis- 
trict procuced 185,842 tons of ore, mostly for metallurgical purposes, which 
constituted approximately half the production of the entire country. During — 
this period manufacturers of dry batteries used this ore in the absence of 
foreign ores, even though the percentage-of available oxygen was less. The 
use of Philipsburg ore. bas therefore Senet nee. : 


For the last severe years. ‘the production of chemical ore from the dis- . 
trict has been approximately 15,000 tons per year. Ore of this type conmands 
substantial premiums over metallurgical ore, and more expensive concentration 
methods may be used to bring it un to grade. The value of the chemical ore 


shipped during the last few years has been approximately $40 per ton at the 
mine, 


- The Philipsburg district has been described in detail in a report by 
Emons and Calkins of the United etetes Geological Survey (82). 


The deposits of manganese ore that have been rorked in the district are 
all in the osidized zone. The oxidation is complete to e deptu of 450 feet 
and probably extends to a maximum of 750 feet. Carbonate ore is believed to 
occur in fatge amounts in the unoxidized zones. 


The general nature of the ores in. the oxidized and unoxidized zones has 
been described in detail by Pardee *(299, pp. 122-1320).. He states that the 
oxice ore consists of pyrolusite, together with anal ler amounts of psilomelane, 
menganite, wad, and breunite. The gangue is mainly quartz, with some kaolin 
and smaller amounts of calcite and iron oxides. The unoz-idized ore consists 
of a dense aggregate of rhodochrosite, with more or less quartz and a little 
pyrite or other sulphides. 


Some high-grade o:zide ores of shipping grace have been removed by select- 
tive mining, but in genera) it may be said that most of the ore requires concen- 
tration. The average ore as mined contains 3O to J8 percent manganese and 20 
to 3O percent silica. The iron content of these ores is low, generally between 
1 and 3 percent. Phosphorus is also lov. The ores usually contain.a small 
amount of silver, and although lead and zinc are sometimes found in. small quan- 
tities the amount of copper is negligible. 
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Concentration Plants 


A gravity mill ere jigs and bape was an Operetion in this district 
during 1918 but has since been abandoned. The method now in use for producing 
chemical-grade ore employs high-intensity magnetic separators. Two mills, the 
Trout and the Moorlight, heve a caily capacity of approximately 100 tons apiece. 
Deteils of plant operation at both milis have been described in current publica- 
tions (28, 96). 


The flow sheet at both plants is essentially the same. At the Trout. mill, 
which treats ore from the company mine, the run-of-mine ore is crushed to pass 
a l}-inch grizzly. The crushed ore is conveyed to a Ruggles-Cole-type drier 
60 feet long and 5 feet in diameter. The fuel used is nut-size coal. The dry- 
ing operation reduces the moisture content of the ore 12 to 3 vercent. The 
dust from the drier is caugnt in an 84-inch Cyclone dust collector. The dried 
ore is carried by a bucket elevator to a Leahy No-blind screen with 1/2-inch 
openings. The oversize is crushed by a set of S0-by-l4-inch rolls operating 
in closed circuit with the screen. The screen undersize is ground to 6—-mesh 
in a second set of 30-by-14-inch rolls, operated in closed circuit with a 
Colorado inpact screen. This minus 6-mesh ore is sized further by a second 
Leahy screen into a plus 14-mesh product and a minus 14-mesh product. The sizec 
ore then passes to storage bins of 200 tons cavacity above the magnetic separa- 
tors, where it is fed to three type SE wetherill separators. Each separator 
as three magnets wound respectively vith 30,000, 60,000 and 100,000 ampere 
turns and is operated riti a direct electric current of about 120 volts. Con- 
centrates are discuerged into bing, whence they can be epavey Se directly into 
railway cars. 


Dust from ary crushers and screens is collected by housings connected with 
a second 64-inch Cyclone dust collector, placed over elevators and screens, 
This dust, and that collected during the drying operction, is wetted and tabled 
on a Plat-O slimer for a high-grade concentrate. Tailings from this operation 
are impounded, and those from the magnetic sevarators are placed on a storage 
dump. <Accordiny; to Furness (104, p. 188). 


The ore treated contains from ZO to 35 percent manganese and 25 to BW 
percent silica. Two and one-quarter tons of crude ore were required to make 
one ton of product containing 70 percent of manganese dioxide, less than 0.2 
percent of phosphorus, less than 6 percent of aia and BEDE cern tery 10 per- 
cent of silica, 


The flow sheet at the Moorlight mill, a custom mill, is nmch the same as 
at the Trout mill, exceot that the ore before being passed to magnetic separa- 
tors is screened to produce 5 sizes instead of 2. At this plant no attempt is 
made to save the dust. The tailings are impounded, 


The magnetic process as outlined yields a desirable product for the dry- 
battery industry. Tailings from the magnetic process contain atout 20 vercent 
manganese. Some of ‘the ores contain impurities which would make them unsuit- 
able for chemical purposes, and while they Wovcld be suitable for metallurgical 
purposes the lower value of this class of ore would not permit the treatment 
cost of & magnetic process. 
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Geologists who have examined the district agree that deposits of rhodo- 
chrosite ore, probably of large size, lie belov tre zone of oxidation. Treat- 
ment of such material constitutes a problem for the future. 


Concentration Tests 


In general it may be said that the higher-grade ores of the district can 
be adequately concentrated by the magnetic process now in use. The concentra- 
tion problems of Philipsburg may therefore be saic to deal with the following 
three classes of material: 


(1) Oxide ores too lov-grade to justify the use of the magnetic process 
and ores containing impurities which make them unfit for chemical od a 


(2) Tailings from previous or present metallurgical processes. 
(3) Unoxidized or eopecnate:: ores. 


During the investigation many geen of manganese oxide from Philipsburg 
material were examined. These samples included ores nov being treated by the 
magnetic process, mill products, including tailings, now going to waste, low- 
grade dump ore, and ore not suitable for chemical purposes. Tests were made 
to determine the anenaebility of the various ores to gravity, megnetic, and 
flotation methods of sevaration. | 


Ore Unsuitable for Chemical Grade. - A sample containing approximately 
5S percent manganese, 24 percent silica, and 4.5 percent lime, which on account 
of: its physical and chemical characteristics was not suitable for chemical pur- 
poses, was examined. The manganese minerals in the ore consisted mainly of 
pyrolusite and psilomelane, and the gangue was mostly quartz. Microscopic ex- 
amination showed that the manganese minerals were locked witn the silica and 
that the procuction of a low-silica concentrate at a coarse size by any ore- 
dressing process was unlikely. Float-and-sink tests of this ore, followed by 
table tests, indicated that if it were crushed to 10-mesh, classified, and 
tabled, concentrates containing approximately 44 percent manganese and 12 per- 
cent silica could be wade. Flotation tests gave uwnsatisfactory results. Pyro- 
lusite is the most readily floatable of the oxide-manganese minerals, and as 
float-and-sink tests showed that manganese minerals upon grinding to 100-mesh 
had locked with tnem less than 7 vercent silica, favorable results were there- 
fore expected. <A detailed study of the problem brought out the fact that the 
ore contained a large percentage of soluble salts which seriously interfered 
with the selectivity of the process. For this reason an all-flotation process 
on the oxide ores does not seem possible, although it is very probable that 
flotation would adequately handle the slime produced from table operations 
because mucn of the soluble salts would be washed out of the ore during crush- 
ing, tabling, and dewatering. 


Tests of some of the low-grade ores indicate that their silica content 
can be reduced by gravity concentration. It is doubtful if the silica content 
can be reduced to the 8-percent limit required to make ferromanganese. Con- 
centrates containing 12 to 15 percent silica can be made, and while such 
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concentrates are not in demand now they coula be used in emergency. The ratio 
of manganese to iron is satisfactory, and the pnosphorus content seldom exceeds 
O.15 percent. 


Tailings. - During mining and milling: dumps of sorted lor-grade ore and 
mill tailings have accumuleted whican probably total 100,900 or 150,000 tons. 
The average analysis is not accurately known, although the tailings from the 
mesnetic plants are said to contain 20 to 22 percent manganese. Samples fron 
one dump contained avout 389 percent manganese and me percent silica. 


In 1927 some of the higher-grade dum» ore tes shipped to Utah, where it 
vas used in the production of manganiferous pig iron. During 1927, 1928, 1929, 
and 1950 shipments of ferruginous manganese ores from Montana nave been 10,332, 
11,156, 15,665, and 11,875 tons, respectively, by years. Some of the higher- 
grade dump ore undoubtedly can de used in this way, but much of it is too low- 
grade to be marketable without concentration. 


Examination of one of the higher-grade dump ores which contained 38.S$ 
percent manganese, 1.6 percent iron, 26.6 percent insoluble, and 0.054 percent 
vhosphorus shoved that grevity concentration could grace this ore up to about 
46 percent manganese and 14 percent silica. 


Because these tailings are continually accumlating their treatment pres- 
ents a problem. The samples stucied had about 18 percent manganese, 2.1 ver- 
cent iron, 58.4 percent insoluble, and 0.176 percent phosphorus. The liberated 
nish-grade manganese minerals had been removed by the magnetic process, and the 
‘mangenese minerals remaining in the tailings were badly locked vith gangue. 
Ploat-and-sink tests, as well as high-intensity magnetic concentration of 20- 
to 35-mesh tailings, indicated that concentrates fron either method would con- 
taiu over 25 perceit of silica. Finer grinding would undoubtealy result in 
somewhat cleaner concentrates. : 


According to Fitzberg (96), tailings from the Trout mill can be ground 
and re-treated by the macznetic process with an increase in the over-all re- 
covery from 80 to 95 percent. However, manganese ore suitable for battery 
purposes must contain not more than a certain vercentage of fines, anc diffi- 
culty would be e:perienced in finding a market for such material. It seems 
probable, therefore, that the tailings will have to de ground so fine that the; 
will be unsuitable for battery use. by sintering, however, these magnetic con- 
centrates could be used for metallurgical purposes. Tabling of these tailings 
is not promising due to the fine grinding required and the resulting large 
Slime loss. Flotation offers a possibility of treatment, althouzh the vresence 
of soluble salts has made results to date rather unsatisfactory. 


Unoxidized Ores. - The devosits of manganese—bearing ores lying below 
the ozidized zone have not been opened to any extent, and samples of such 
material were not obtainable for EEA 
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Las Vegas District, Nev. 


Location and Extent 


In 1917 deposits of metallurgical manganese ores vere discovered 16 miles 
east of Las Vegas, Nev., and about 5 miles west of the Colorado River. The. 
discovery mine, the Three Kids, vroduced 15,045 tons of manganese ore in 1917 
and 1518, but since that time the total production has amounted to less than 
1,000 ton (104, p. 188). Due to consolidation of the Three Kids and Las Vegas 
groups the deposits of this area again attracted attention in 1929. 


Mineralogy 


The manganese-bearing deposits occur in low hills composed of volcanic 
flows and tuffs, gypsum, sand, and clay, whicu border the Colorado River. The 
manganese deposits have been formed by partial replacement of the tuffs and — 
the sand and clay beds. The ore is a dark-brown fine-grained porous material 
of low specific gravity. Manganese is present mainly as wad, although small 
amounts of pyrolusite and occasionally psilomelane are found. 


Concentration Tests 


Records show that the ore shipped from the Three Kids mine contained 39 
percent manganese, 11 percent silica, 1 percent iron, 0.3 percent phosphorus, 
and 10 percent moisture. ‘The averaze crade of ore remaining in the district 
is leaner and requires concentra vs ois 


From the Las Vegas croup of claims le samples requiring concentration 
were examined. These varied considerably in grade but had the same general 
character. Concentration tests of a composite sample only are reported. 


This material had a tenor of eporoximately 24 percent manganese and 35 
percent silica. The iron content was about 2 percent, and the phosphorus was 
lov - 0.05 percent. This ore-bearing material consists of a pink clay and 
tuff vrhich has been pertly replaced by soft black amorphous manganese oxides, 
largely vad. The ore is quite porous and of light weight. at first anpear- 
ance some of the ore seems fairly hizh-grade, but more thorough examination 
under the microscope shows that the original beds of clay and tuff have been 
only pertly replaced by the manganese oxides. The amount of clean manganese 
mineral grains of any ap»vreciable size vas small. This preliminary examina- 
tion ves checked by float-and-sink tests whica corroborated the evidence that 
the material would be difficult to concentrate. 


The poor liberation of the gangue vrevented concentration at 1/2 inch. 
Gravity concentrates of material sized between 1/2 inch and 10-mesh had a 
silica content of about 30 percent. ‘when the ore was stage-crushed to 10- 
mesn a xproximately one third was finer than 100-is0esh. Float-and-sink tests 
in table cl show that gravity concentrates contain ebout 25 percent silica. 
The locising of the manganese and gangue in. sizes as fine as 100-mesh and the 
presence of soluble salts prevented good flotation. 


A667 ee 


Google 


I. C. 6768 


TABLE 2l. - Float-and-Sink Tests of Las Vegas Ore 


Mesh Product Assé sercent Percent of total 

Ss + Mn = _piQ2 | Mn ; £g | \ 
8 to 28..... Float on 2.95.. 12.72| 2.3] 51.20 | 11.8] 26.1] 40.2 
Sink in 2.$5... 32.17 2.2 20.06 | 88.2 73.9 59.7 
TOCA 66% 4< 27.27} 2.2} 32.02 100.0 | 100.0 | 100.0 
28 to 100... Float on 2.95..! 45.5 6. 62.75 14.8 67.4 
25.50 85.2 32.6 


wo 1% Ww 
bh | Om w 


78 
Sink in 2.95...| 54.5 | 52.66 
- Total..... -[o0. O | 20.88 


42.34 ; 100.0 | 100.0 ; 100.0 


| 


Franklin Furnace, N. J. 


Tae ores of Franklin Furnace, i. J., are mined primarily for their zinc 
content. They do, however, contain an appreciable amount of manganese, which 
is largely recovered in the residues from zinc smelting. These residues are 
smelted, and from them a large share of the country's spiegeleisen is produced. 


~The chief zinc minerals in these ores are franklinite, willemite, and 
zincite. Of these frarklinite (Fe, Zn, hn) 0. (fe, Mn)20., which contains 10 
to 17 percent manganese, is most abundant. Concentration at the New Jersey 
Zine Co. plant consists of removing the permeable franklinite by a magnetic 
“rocess and recovering the other zinc minerals by gravity concentration. 
smelting of the franklinite concentrates yields a residue ae & composi- 
tion similar to e ferruginous carer te™ ore. 


The major pert of the resicues sontaine 12 to 14 percent manganese and 
eppro:.inately 40 percent iron. Material of this grade is used for the manu- 
facture of spiegeleisen. The smaller part of the residues contains about 7 
percent manganese and is used in the manufacture of pig iron. Statistics 
(104) for 1926 show that 74,096 tons of. spiegeleisen were mace from 149,374 
tons of zinc residues containing 13 percent manganese. In this same year 
11,219 tons of low-grade residues containing approximately 7.5 percent mangan- 
ese were used in the manufacture or pig iron. 


During the last 5 years an average of about 140,000 tons of zinc residues 
has been shipped from Franklin Furnace annually. Spiegeleisen has been made 
frou this since 1870, end records of the material shipped from 1889 to 1930 
show a production of approximately 4,000,000 tons. 


Inasmaich as the mangenese from this district is a byproduct in the smelt- 
ing of zinc ores, speigeleisen can be produced at reasonable cost. These ore 
deposits apparently have e long life, and it is. believed that an annual pro- 


duction of approximately 75,000 tons or more of speigel can te expected for 
many years. An additional smaller production of ore suitable for the manufac- 


ture of manganiferous pig iron may also be expected. 
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Little Florida Mountains, N. Mex. 


Location anc Extent 


During recent years New Mexico has become of increasing importance as a 
producer of manganese ore; The greater part of the production has come. from 
the tienganese Valley mine, on the east flank of the Little Florida Mountains, 
Luna County, about 16 miles east of Deming. 


Associated with the high-grade metallurgical ores are lower-grade ores, 
some of which are being successfully concentrated. In addition to the ore 
body nov being worked, somewhat similar deposits ere found elsewhere along the 
same fissure. 


the manganese-bearing ores occur in a fault fissure in agglomerate on the 
east side or the Little Florida Mountains, which are made up of agglouerate and 
felsitic rhyolite. The geology of the district is described by Furness (104, 
p. 120). ae ss 


Mineralogy 


Several types of ores of varying mineralozical content and structure are 
found. The manganese minerals are psilomelane, pyrolusite, manganite, and wad. 
_The most important gangue cqnstituent is a rhyolite, and the type of ore varies 
With the degree to which it Las weathered. In some ores the rhyolite has decom 
posed to such an extent that little crushing is needed to give liberation. 
Other ores consist of a hard, unaltered PEecese requiring fine grinding to free 
the manganese menerene: ; 


Manganese Valley Mild 
Ore mined from the Manganese Valley mine is traumed to the mill and dumped 


over a grizzly vhere the lump ore and waste are nicked. approximately 1 ton of 
lump ore is obtained from every 6 tons mined. The grizzly undersize constitutes 
the mill feed and contains about 22 percent manganese. Seven sizes are made, 
and by the use of storage hoppers tne flow sheet is so adjusted that three jigs 
suffice. A representative analysis of 4,000 tons of concentrates shipped from 
this mine, according to Furness (104, p. 192), is as follows: Manganese, 45.75 
percent; silica, 2.50 percent; iron, 2.0 percent; aluminum, 0.50 percent; cop- 
per, 0.078 percent; lead, 0.051 percent; calcium oxide, 5.50 nercent; nickel, 
none; paosphorus pentoxide, trace; magnesium ocide, trace. 


Concentration Tests. ~- No. great difficulty has been e-perienced at the 
mill of the Manganese Valley mine in producin.; concentrates of satisfactory 
grade. The loss of manganese in the fines, however, has been considerable, 
although during the past year this trouble has been nartly solved. 


Some milling ore in the district is not so free from locked particles as 
that treated in the aforementioned mill, and concentration of such material 
will be more difficult. Farticular attention was therefore given to the fine 
material lost by the method of concentration in use and to concentration of 
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the so-called "frozen ores" — those requiring considerable crushing to free 
the manganese minerals from the gangue. 


Until the early part of 1929 ores finer tnan one-fourth inch were not 
treated but were simply stock»piled, and at that time approximately 15,000 
tons of such fines had accumlated. <A representative sample was examined to 
determine whether it could be concentrated. The examination showed that: much > 
of the manganese was present as pyrolusite and psilomelane, with some wad. - 
The gangue constituents were rhyolite, with some calcite. There was little 
lecking of the manganese and gangue minerals. — a 


Floateand=sink tests were made of various sizes to determine the grade: 
of concentrates that could be produced by jigging or tabling. The results, — 
given in table 22, shor that with good operating conditions over 80 percent 
cf the manganese should te recovered in the form of concentrates containing 
over 40 percent manganese and less than 6.0 percent silica. : 


TABLE 22. ~ Float~and-Sink Tests of Stocw—Piled Mill Fines 


Assa percent Percent of total 


n | Fe [Insol.[ Mn | ¥e | Insol. 


Size, mesh Product 


1/4 inch to 10. Ficat on 2.92..1 53.1 | 4.6] 2.2 | 68.6 | 11.3] 48.9] 92.8 
Sink in 2.92...|_ 46.9 /40.9] 2.6 | 6.0 | 88.7 | 51,1] 7.2 

Total...... 1.6| 2.4 100 .0 

10 to 35. eceee. Float on 2.92.. 6.4] 2.1 92.9 
Sink in 2.92... | 43.7| 2.7 | 7.1 

Total...... 100.0 |23.3| 2.4 | 35.3 |100.0 .0| 100.¢ 

55 to 65....... Float on 2.92..1 53.8 4.8] 2.3 | 64.7 | 12.6 3] -89.8 
Sink in 2.92... 4.5 | 8.6 11.2 

Totalesese./ 100.0 |20.5! 3.3 | 38.8 {100.0 | 100.0] 100.0 


ee ee 


The mimis 1/4—inch materiel is now being treated at the Manganese Valley 
mine, It is deslimed in a spiral conveyor, and the coarse material is jigged. 
Prom the sizing armlysis of the fines recovery probably could be increased by 
Jigging the size coarser than 8~mesh and classifying and tatling the minus 
mesh material, | 


Some fine pyrolusite will be lost, even by such a system, due to the ten- 
dency of this material to slime. Tests were accordingly made cf a sample whieh 
broke readily and gave low recoveries in the mill due to slime losses. The 
chief manganese mineral in this sample was pyrolusite, with smller amounts of 
Psilomelane., The gangue constituent is a felsitic rhyclite. 


Preliminary to gravity-concentration tests, two sizes, (1/2-inch te 10~ 
mesh and 10~ to 65—mesh) were fractionated with a heavy liquid having a speci- 
fic gravity of 2.93. The results given in table 23 show that the ore is well- 
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liberated at the sizes tested. Actual tabling tests of ore crushed to 10-mesh 
showed a recovery of only 60 percent of the manganese due to the large loss of 
manganese in the slime. | 


-A flotation test, using the reagents listed on page 60, recovered a con- 
centrate with a tenor of 45.6 percent manganese, 2.8 percent iron, and 9.2 per- 
cent insoluble. The percentaze of manganese recovered vas 64.5 percent. The 
middlings were not re-treated. | 


As has been mentioned, some of the ore in tne district ie more difficult 
to treat than that milled at the Mangenese Valley mill. A sample of such ore 
from an ore body north of the present workings was examined. It was brecciated, 
and the gangue constituents were a. felsitic rhyolite with a small amount of 
barite. The manganese occurs mainly as psilomelane, although some pyrolusite 
is also present. The specific gravity of the psilomelane is approximately 4.2 
and that of the rhyolite 2.6. 


TABLE 23. - Float-and-Sirk Tests of Soft Ore 


LS = total 
Insol. Insol. 


2. 1 | 3. "7 : rire 2 = x: 95.9 
46.5 | 5.9 96.8 | 68.2 4.1 
100.0 | 100.0 | 100.0 


10 to 65....... Float on 2.93.. 2.1! 15.4 | 87.3 
Sink in 2.93.. 97.9 | 84.6 | 12.7 


; ; : 6.5 
rotad..... [100.0 |29.4[6.0 | 35.9 [100.0 [i00.0 [300.0 


Visual examination of the ore indicated that crushing to one-half inch 
vould be required to liberate the gangue minerals. 


Mesh | Product 


1/2 inch to 10. Float.on 2.93.. 
Sink in 2.958... 


Gravity concentration of this ore will be somewhat more difficult than 
that of the ores now being treated, as indicated by float~and-sink tests of 
ore sized between 1/2-inch and 10-mesh and from 10- to 35-mesh. Meterial 
coarser tnan 10-mesh yielded a sink product containing 13.4 vercent of insol- 
uble when fractionated with a heavy liquid of 2.95 specific gravity. These 
results are given in table 24. 


The dissectien of the 10- to 35-mesh size showed the presence of 10 per- 
cent of manganese in locked mineral of a specific gravity from 2.95 to 3.5. 
The heavy liquid fraction heavier than 3.5 contained 11.5 percent insoluble. 
The recovery of manganese is high, while the grade of concentrates is only fair. 


- The brecciated ores will be more difficult to treat than those now being 
mined, and the manganese content of the concentrates will be lower because of 


the presence of more locked gangue and also because of some associated barite. 
The percentage of iron and phosphorus in the concentrates will, however, be low. 


1667 aT i= 


Google 


I.C. 6768 


TABLE 24. - Float-and-Sink Tests of Hard Ores 


Percent of total 


liesh Product hin Fe |Insol. 

1/2 inch to’ 10.: Float on: 2.95. 7.7| 60.5 | 84.1 
. | Sink in 2.95... | 92.3] 39.5 | 15.9 
Total.....4 100. 4, .8 | 46.0 |100.0] 100.0 |109.0 

10 to 35...,... Float on 2.95.. 5.7| 46.4 | 80.2 
| 2.95 to 3.2.... 3.0| 5.7 | 7.9 

3.2 to 3.5..... 2:3] 3.1] 2.4 

Sink in 3.5 5 { 89.01 44.8] 9.5 

Total...... 51.7 | 100.0. 100.0 


Silver City District, N, Mex. 
Location and ixtent. 


Large shipments of ferruginous manganese ore during and since tne war rexe 
the Siiver City. district of. interest, Only @ .sné1l quantity of high-grade man- 
ganese ore has been shipped from this area, but mach ore suitable for the pro- 
duction of spiexeleisen has. been mined, i 


Seoaueei od eisuree of Yer waciee.-taben Tareely frou. Mineral Resources of 
the United States, show that from 1913 to 1929 the State produced roughly 350,00 
tons of ferruginous manganese Ore the <ereaver popreen Of which came from the 
Silver City district. 


The most important devosits are on Boston Hill near. Silver City. The 
devosits have been described by, Wells (386) and by Goodier (120). 


hineralogy 


The ore consists of an intimate association of iron and manganese oxides, 
occurring as fissure fillings and replacements in limestone. The chief ore 
ininerals are pyrolusite and manganite, with some limonite and hematite. The 
ore ranges in color from dari red to black and is also of varying structure anc 
hardness. Some of it is extremely hard and brittle, although some crumbles) 
readily. Noduler ore is found in certain parts of the ore body. The iron and 
manganese minerals are eroeehy intergrown and eequats aenG eriueine for ania 
tion. eat a ee . : he 


Concentration Tests 


Samples of a ferruginous manganese ore and @ siliceous ore were examined. 
Experiments were made with the ferzuginous manganese ore to detemiine whether 
@ hign-manganese concentrate suitable for the manufacture of ferromanganese 
could be produced... The siliceous ore was examined to cere wuether enough 
silica could be eliminated to make it marketable, | 
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Ferruginous Manganese Ore. - An ore having the following analysis was ex- 
amined: Iron, 53.67 percent; manganese, 16.81 percent; insoluble, 7.80 percent; 
Silica, 5.48 percent; and phosphorus, 0.01 percent. ; 


The ore was given a reducing roast at 550°C. for 30 minutes, then divided 
into three portions crushed to pass screens having 8, 28, and 100 meshes, re- 
spectively, per linear inch. ach:size was then separated into a magnetic and 
a nonma;netic portion by means of a Davis magnetic tube. The results, given in 
table 25, show the intimate association of the manganese and iron oxides. Even 
after grinding to 100-mesh, 43 percent-of the manganese still remained locked 
vith enough iron to render the mixture magnetic. The ratio of iron to mangan- 
ese in all the nonmagnetic portions is too high to permit the material to be 
used in the manufacture of ferromanganese. Finer grinding of the roasted ore 
before concentration would undoubtedly increase the percentage of manganese 
liberated. Such fine grinding, however, in addaition to the added cost would be 
undesirable in that it would produce a more siliceous manganese concentrate, 
since all tne silica not locked with the iron particles vould pass into the non- 
magnetic product with the manganese minerals. The roasting and magnetic concen- 
tration process for treating such ores, therefore, is not promising. 


‘The ore shipped to date has been of direct shipping grade, none having been 
concentrated. The averaze tenor of the ore from one of the larger mines, as 
given by Goodier (120), is reported as being 39 percent iron, 13 percent man- 
ganese, and 8 percent insoluble, the balance being largely lime. The phosphorus 
content is low, averaging about 0.012 percent. Xstimates made in 1917 by 
Umpleby (374), when development work had not reached more than 40 feet below 
the surface, gave the district an ore reserve of at least 500,000 tons and pos- 
sibly 1,000,000 tons of ore similar to that already mined. 


Siliceous Ore. - The siliceous ore was similer to the ferruginous mangan- 
ese ore, except that more free. gangue was present. Although the ore bodies 
occur in a limestone formation the gangze mineral directly associated with the 
economic minerals in the low-grade ore looks quite unlike limestone. Apparent- 
ly most of the original limestone has been replaced by silica and iron oxide, 
so that it hes an appearance and chtumical composition similar to a ferruginous 
chert. Visual examination of the ore indicated that the greater portion of the 
gangue would be liberated by crushing to 4-inch. 


Float-and-sink tests of the ore sized between 3-inch and 10-mesh and 10- 
to 65-mesh were mace. nese separations, made with a heevy liquid with a speci- 
fic gravity of 3.8%, indicated that by jigging the coarser sizes and tabling 
tne finer sizes concentrates. containing ebout 36 percent iron, 12.50 percent 
manganese, and 9.2 percent silica could be made. The results are given in 
table 26. 


Chamberlain District, S. Dek. 


Location and Extent 


Deposits of manganiferous material were discovered along the Missouri River 
near Chamberlain, §. Dak., in 1928. Because of their large size these deposits, 
although low in grade, have attracted much attention. Reports on the occurrence 


tag are). ore in this district are to be found in the current literature 
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TABLE 26. - Float-and-Sink Tests of Siliceous Ore 


Weight, Fercent of total 


Mesh Product percent Mn SiO Sil 

1/2 inch to 10. Float on 3.W..! 40.7 4.51 | 13.73 | 52.50 16.38 : 79.9 
. | Sink in 3.30...; 59.3 12.40 | 35.88 9.08 83.7 20.1 
| Total...... 100.0 8.78 | 26.87 | 26.75 | 100.0 {100.0 | 100.0 
LO! "GO 60 04.ede0 Float on 3.d..| 38.5 2.84 ]}10.01 | 59.85 12.2 79.5 
; Sink in 3.30...| 61.5 12.71} 37.31 9.68 87.8 20.5 


Total...... 100.0 } 8.91 | 26.50 28.99 1100.0 1100.0 | 100.0 


Manganese in this district is found as manganifcrous iron carbonate nodules 
scattered through a bed of shale 35 to 40 feet thick. The manganese content of 
the bed of shale as a whole will everage less than 2 percent. The nodules will 
average about 16 percent manganese and 8 percent iron. 


According to the Interior Department press release just cited, the average 
yield of nodules from each yard of excavated material from 12 shafts on the pro- 
perty was 164 pounds. These nodules had an average analysis of 15.70 percent 
manganese and 11.08 percent iron; the phosphorus content is high, ranging from 
0.58 to 0.55 percent; the silica and alumina contents vere apvoroximately 13 and 
2.o percent, respectively. «a more detailed analysis of these nodules shows them 
to contain approximately 16 percent lime, 1.6 percent magnesia, and 0.05 percent 
sulphur, vith a loss of about 25 vercent on ignition. 


Mineralogy 


The manganese-bearing nodules consist of an isoinorphous mis:ture of rhodo- 
chrosite, calcite, magnesite, and siderite. Fine grinding has given no indica- 
tion of liberating the respective minerals. The specific gravity of the nodules 
is approximately 3.0 and tae hardness about 34.5. 


Concentration Tests 


The dissemination of the minerals in the nodules as noted above was such 
that a brief e:amination showed ore dressing would be futile. Samples of the 
original material, consisting of the nodules in the shale, were not obtained, 
and the ease of separation of these nodules could not be tested. 


The nodules are sevarated from the shale very easily by mere drying of the 
broken material in air for a few days. The procedure followed was that of break- 
ing the ore bank, permitting it to stand a few days, and screening out the nod- 
ules which were then free from the shale. The manganese recovery by this pro- 
cedure was very high (97.9 percent total). The surface of the deposit was 
covered with free nodules. 
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Northeast Tennessee District 
vocation and Extent 


Numerous mangauesé mines and prospects are found in eastern Tennessee. 
they lie in a zone whicy ei:tends diagonally across the state near its eastern 
border. Stose and Scurader (309), who examined the deposits in 1918, state 
that eastern Tennessee as a whole contains 130 or more mines or prospects. Al- 
thouzh many deposits are Imorn they are generally small, and no one has produced 
a large tonnage. Records from ineral Resources of the United States show that 
the production of manganese ore from 1886 to the end of 1929 hes teen approxi- 
mately 14,000 tons, and ‘the vroduction of ferruginous manganese ore during the 
same veriod éEbout 5,000 tons. .The district as a whole nroduced 6,206 tons of 
manganese ore and <,158 tons or ferruginous manganese ore in 1917 and 1918. 
Since the war the annual EEOcueeT Or of high-grede ore eae averaged less tian 
500 tons. 


The chief manganese-producing area in eastern Tennessee, and the one that 
seems to have the greatest future, is in Johnson and Carter Counties, in the 
northeastern corner of the State. This discussion will therefore be devoted 
to the ores from. this area. The deposits in these two counties are in the form 
of oxides scattered througn residual clay or residual sand derived from the 
weathering of sedimentary rocks. <Accordin; to Stose and Schrader (359): 


*x*k*MOSt of the oxide ores “may be classed as pesiacaront deposits, some of . 
them replacing the rock in place, but most of them replacing clay and sand, 
residual from rock decay, which still retain the rock structure. None of 
then e:.cept small amounts of -ore associated with other deposits are believed 
to be strictly residual detrital deposits concentrated by gravity. 


In this area the ore is found in residual deposits formed through the decay 
of the Shady dolomite and the Wantaga shale, (the first formation predominating.) 


Mineralogy 


Manganese is found in these deposits chiefly as psilomelane, which occurs 
as dense nodules, irretuler fragments, and porous particles. The mineral is 
disseminated through clay. In some places, notably at tne Cedar Hill mine, 
pockets of high-grade pyrolusite ere found. Manganite and wad are also present 
in some of the deposits. Limonite is common in many of the ore bodies. Some 
of the limonite is in clean grains, but much of it is disseminated through the 
manganese particles. Gangue constituents associated with the clay are aggre- 
gates of quertz, weathered chert, and particles of sandstone. 


Concentration Tests 


Almost all the ore of the district requires some form of concentration. 
in the vast, log washers were used to rémove the clay; the log-washer concen- 
trates were shipped without further concentration. For a@ few ores such a vro- 
cess makes a suitable product, but in the majority of the deposits the presence 
of chert and quartz, which are not removable, makes the log-washer concentrates 
too high in silica. 
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Gravity Concentration. - Examination indicated that the problem of concen- 
tration, particularly on ores from Carter County, was lergely one of treating 
log-wesher concentrates finer than one-half inch. }iuch of the clay can be elim- 
inated from the ore by log washing, and fortunately the coarser portion of the . 
ore consists of manganese oxides. Most of the chert and gangue particles are 
finer than one-half inch. The logical steps in the process are therefore log 
washing to remove clay, screening of the log-washer concentrates at apvvroxi- 
mately one-half inch for a coarse concentrate, and further concentration of the 
Minus one-half inch material. 


Samples of minus one-half inch veashed material from 6 mines were examined 
in detail, but for the sake of brevity the results of the work on a composite 
made of samples from 5 of the 6 properties will ve reported. An additional 
reason for so reporting the work is that the size of the individual devosits 
would not justify a separate mill, and as the mines are not far from each other 
the practical way to treat these ores would seem to ve to log-wash the ore at 
each mine and send the log concentrates to a central plant for further treatment. 


The composite sample had a tenor of 26.3 percent manganese, 12.4 percent 
iron, 29.0 percent insoluble residues, and 0.25 percent phosphorus. 


Float-and-sink testis of sized portions of the ore showed that the mineral 
particles with a specific gravity greater than 3.2 contain ll.2 to 9.1 percent 
insoluble residues. The results are shown in table 27. 


On first examination the mineral particles in these ores appear clean, but 
from tne results they evidently contain an apnvreciable amount of very finely 
divided gangue. To determine the amount of. silica in the apparently clean min- 
eral a representative sample of 3mesh ore was hand-picked; all particles of 
free gangue and all particles of manganese minerals to which gangue could be 
seen adhering were discarded. The specific gravities of the remaining appar- 
ently clean manganese minerals were determined with a Joly balance, then the 
particles were combined according to their specific gravities. The results of 
the assays given in table 28 show that the silica content varies in a general 
way with the specific grevity; the presence of both iron and manganese and the 
porosity of the mineral cause some irregularities. The greater portion of the 
limonitic grains is only slightly lower in specific gravity than the cleanest 
manganese particles, thus it is obvious that they cannot be removed by jigging 
or tabling without causing an excessive loss of manganese, 


These results have particular interest, because many manganese ores found 
in residual deposits throughout Virginia and Tennessee shov similar character- 
istics; that 1s, particles of apparently clean psilomelane vary in specific | 
gravity from little more than that of the gangue to over 4.0 and contain amounts 
of silica up to 25 percent. Wwitn such ores,.concentration is difficult, and the 
operator must choose between a small recovery of a high-grade concentrate or a. 
greater recovery of a siliceous concentrate. Fine grinding of such material 
has little value, since the gangue particles are so small and so scattered 
through the manganese o::ide that they are not liberated by grinding to 100-mesh. 


1667 _ | | -93- 


Google 


I.C. 6768 


TABLE 27. - Float-and-Sink Test of Composite Sample, 
Minus Lie B hog-Wesher Concentrate. , 


Assay, percent. | Percent of total. 


Size, mesh =. ~—~—S\—~wProduct Fe | Insol. 
1/2 inch to 4. Float on 3. 20. 17, : »| 73.2 
Sink in 3,20. 1 26.8 

aoe, 3 :3|25.4 }100.0 |100.0 | 100.0 

4 to 10....... Float on 3.20. . 77.2 
| ‘Sink in 3.20.. 22.8 
Total..... 100.0 | 100.0 | 100.0 

10 to 65...... Float on 3.20. 86.3 
Sink in 3.20.. 1°85. 13.7 

Total..... 100.0 | 100.0 


TABLE 28. - Specific-Gravity Analysis of Hand-Sorted © 
Concentrate, Through 1/2-Inch 7 


Weight, Percent of total 


Be ercent Insol. 
De. GO Oine 6 aie arbre auarere ote 4.9 0.5 | 41.7 0. 
Dee VOS, Oe niiea we teet 9.0 "35.6 a?) 
Wie GO Oe oie ee nue ees ~~ 1E.0 56.0 ol 
O64 C0 Os Osa oe we oaw ed 6.7 49 2 
coe oe oe «ee 11.8 14.9 J 
OPOUUO rh Oe (5.8566 5 eas oes 7.5 42.4 re 
B30 LO Cc vcadssuaess: 0.6 | 43.1 | 4.1 
OS COO oases es eee 14.5 48 .8 (3.5 
Composite........ 0.0. 14.3 


The foregoing statements indicate that the minus one-half inch portion of 
this ore is difficult to concentrate. The coarser portion is, nowever, clean 
enough so that the low-grade concentrates obtainable from the finer sizes may © 
be mixed with it and a marketable product produced. Such concentrates would 
contain too mich iron, silica, and. ‘phosphorus to be yee for TORRONE RT EES but 
could be used ae other metellurgical purposes. 


Magnetic noneentontien: - ‘Preliminary magnetic | tests gave encouragement. 
The coopération of the Dings legnetic Deverever ‘Co. of Milvaulee, Wis., was ob- 
tained. 


A sample of the composite log-washer concentrate was crushed to pass 12- 


mesh and given several passes through a high-intensity magnetic separator. 
Hither the strength of the magnetic field or the belt speed was varied for each 
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pass. From the results in table 29 it may be seen that a small.proportion of 
the iron mineral is highly magnetic and can be removed with a low-intensity ~ 
magnetic field that will not affect the manganese. However, after this smaltl- 
amount of iron, which is meinly magnetite, is removed no clean-cut separation” 
can be effected between limonite and the manganese minerals. Contrary to ex~” 
pectations, the limonite was slightly less magnetic than psilomelane. <A good 
separation was made between the manganese minerals and the free siliceous par- 
ticles. The silica in the manganese concentrates was locked. The analyses of 
the magnetic manganese concentrates compared closely to the heavier material ':5 
obtained by fractionating a like eae ee with | a heavy Passi as 90 speci- 
fic gravity. iced c 

These tests are interesting tee dy to show the saraeterierice of the: 
ore. High-intensity separation has been found practical for the concentration: 
of chemical grade ore in the Philipsburg (Mont.) district, but it has as yet 
not vroved economical for the production of metallurgical ore at present prices: 


TABLE 29. ~ High Intensity Magnetic Test of Com mposite cuipie, 
Minus 12-mesh Log-Washer Concentrate 


Magnetic peut Weight, Percent of total 
intensity [ft ameres | percent | Mn | Fe |Insol.| Mn | Fe |Insol. 


Medium ne 
BlSb oc448% 
Extreme... 
Nonna Sele 


Total. ei 00,0 > Ties lis 27.3 |100.0 1100.0 ar 


Roasting and magnetic tests were nade of jig eoceent nates to ereduce a high- 
grade ore suitable for ferromanganese. This gravity concentrate, sized between 
1/2-inch and 10-mesh, was given a reducing roast and the ore separated into mag- 
netic and nonmagnetic portions. The results, given in;table ‘30, indicate that 
a high-manganese, low-—iron concentrate can be produced. _ The phosphorus anda 
silica are shown to be associated more closely with the iron than with the man- 
ganese particles. However, the phosphorus content of the manganese concentrate 
is still high (0.325 percent), mepeenine ‘the material unusable for the manufac- 
ture of zeny COBDEARES 2: 7 o 


TABLE 30. - Roasting and NM smretic Test_of Minus 1/2-Inch 
C Plus 10-Mesh Composite Gravity Concentrate. 


assay ,. percent Percent of eked 
lta vercent un {| ge {insol.{ p [un | pe Insol. 
Nonmagnetic soncent rate 56. Je “2. 4. 6 10. 8 (325 _16. 0 43. 3 
vn Composite... = 100,0 [7-o[ 16:3] 12.3 | ~426|i00-0[100:0]100.0 100.0 
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Flotation. - Flotation ‘tests met: with some ‘success, elthough difficulty 
was experienced in qvercoming the ti1 effects of the slimed iron oxides, which 
tended to cause dirty concentrates. “The results of one test in which the ore 
was ground to 100-mesh, after which the finest slimes vere removed berore flota- 
tion, are snown in teble 31. ee 

Grinding log-washer concentrates for flotation does not seem justified. 

It is believed that concertrates of: satisfactory grade can be made. ‘by jigging 
and tabling at lower cost. 


A nartioulas field for the use of the flotation process does, hovever, 
exist. Large amounts of fine MANSANES 6 minerals, largely pyrolusite, are lost 
in log washing. Where the size of thé oderation justifies the expenditure, _ 
some of this fine pyrolusite can be recovered by reclaiming the heavier portion 
of the log-washer overflows in thickeners or settling ponds and re-treating this 
. material by flotation. Sampoles“from a settling pond at the Cedar Creek mill 
were tested by flotation. They were taken at the edge of tle pond and are un- 
doubtedly enriched. by selective: settling, nevertheless the test indicates the 
floatability of the minéral. The sample - assaying 25.3 percent mangenese, 
23.7 percent iron, 13.8 percent insoluble residues, and 0.251 percent vhosphor- 
“us - wag treated by flotation, and ‘fair recovery of concentrates vas made with 
-a tenor of 42.9 percent manganese, 22.0 percent iron, and 2.5 percent insoluble 
“‘Fesidues. The type of aeacerte and the enqunte used vere similar to those shorn 
in table ol. : eee 


Vas. : - te 
. Asse: percent - Es ercent ae “total ‘ 


SiO | Mn. _|{ . Sid 


—~—— 


Product 


Cleaner concentrate..:.. 


“S695 — 
Cleaner tailings. .......+. | 7.98 
Rougher concentrate..... i oe on 44.95 
Rougher tailings........ j _f 0 : 1s 25 55.07 
—* Gomposite........a: | 27,90 | 22.45 100.00 100.00 
~—s en oad ee _'__* Pounds per ton ore : 
Reagents used = {Rougher | Cleaner_ Tote 
Pine oil............-+| 0.06 |- | 
OLGLiC ACl Gs. cose eewes 18 
Sodium silicate....... 2.00 
Sodium carbonate,.,....} 1.00 
Sodiua oe eee ee 08 


ee on a Blue Ridge Region, Vo. 
Location and - Extent ee aoc Fe 


Virginia, the first producer of deneaneue ore, - ‘has numerous deposits in a 
pelt paralleling the Appalachians. and extending from the northern to thes south- 
western part of the State. 
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Before the World War Virginia produced 45 percent of the total manganese ore 
mined in this country. The greater portion of the 270,348 tons of ore produced 
in Virginia from 1867 to 1917 came from the Crimora mine. Since 1917 Virginia has 
, produced, according to Minéerel Resources of the United States, uo to and including 
1929, 48,436 tons of meangenese ore, 23,628 tons of ferrmuginous manganese ore, and 
0,094 tons of manganiferous iron ore (360). 


The manganese denosits have been examined by geologists of the United States 
Geological Survey and the Virginia Geological Survey; and tro excellent renorts 
(358,360) have been published since 1918, in which the geology and the various 
deposits ere described. 


Most manganese ore of this district is found as residual deposits, resulting 
from the decay of the Shady dolomite. About 82 properties of this nature vere 
described by Stose and his associated in their report (360). 


A discussion of only some ores found in. the Blue Ridge region will be given 
here. The deposits of the Oriskany formation, Woodstock district, willbe dis- 


cussed later. 


Mineral ogy | | . a amr a. + es 


The ore is usually found as masses of oxides disseminated albee Clay. The 
predominant manganese mineral is psilomelane, with smaller amounts manganite, 
pyrolusite, and wad.. The psilomelane usually is in nodular form; mech of it has 
&@ dull luster, indicating a hi zangue content. Some of the manganese mineral 
@lso occurs as flat, shaly particles of light weight end low grade. Associated 
with the clay in some.ores are particles of chert and shale. . 


Concentration Tests 


nee eepieetd work during recent years has indicated the presence of ore at the 
Old Dominion property. Inasmuch as. thig- deposit adjoins the Crimora mine, which 
produced approximately. 160,000 tons of high-grade ore, samples from the Old Domin- 
lon mine were given particular attention. 7 = 


Gravity Concentration. - a composite sample from drill holes on the Old Dom- 
inion property was examined. Much manganese was in the. form’of psilomelane nod- 
ules, although some of it occurred as flat shaly va eereote articles. The clay 
had been washed out of the sample, so that the product e ned may be said to 
correspond to a log-washer concentrate. The gangue consisted largely of altered 
chert with some shale. Much psilomelane had a dull luster and apparently con- 
tained considerable silica. This vas brought out by a detailed examination and 
Will be discussed in some detail later.-. A screen analysis, given in table 32, 
shows that the manganese in this ore, as in other residual ores, has a decided 


tendency tc segregate in’ the coarser sizes. - oe 
Float-and-sink tests of fine sizes indicated that unless many of the lover- 

rade manganese-mineral particles could be rejected in the tailing Breve ye concen: 

ration methods would yield siliceous concentrates and lower:recovery. The, re- 


re 


sults of these tests a spear in table 3s. ? 

The experiments indicated that the manganese mineral contained me) ane le 
so finely disseminated that it was not detectable with the naked eye or the low- 
power microscope. The percentages of gangue in the seemingly clean manganése 
particles varied widely. . To determine the percentage of clean mineral and -the 
relation between the specific grevity and gen ue content ‘of the mineral grains 
the density of each particle of @ semple of plus 3-mesh material was determine 
with a Joly balance. The free zg 6 and tne. bacon | locked grains. were removed 
vefore the test was begun. after the specific-gravity determinations the particles 
were combined into respective specific-gravity increments and analyzed... The re- 
sults are shown in table 3. oT | | a 
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TABLE . OR - ‘aahes aaah of 7 014 4. Dominion Ore Qre. 


= 14.1 


Plus 4. 

4%to 14 | 46.8 
14 to 100 . a _ B44 
Minug 100... oe i 


| Compo site 


TABLE 33. - Flont-and-Sink Testa. of Old. Dominion ore . | 
| Weight, were pergent x —Fercent of total 
egh |. Product percent | Mn | Fe |Insol- Fe | Insol. 


4 to 14. (Float on 2.92 1° 30.9 | .5.9 3.5| 80.6 .| -6.91-16.4|. 641. 
: "" (Sink in 2.92 {| 69.1 | 34.9; 8.2} 20.3 | 93.1 | 83.6, 35.9. 


Total 100.9 
(Flnat on 2.92| 43.5 
(2.92 to 3.2 9.6 
-|( Sainte in 3. 5 _ 33.8 

“mgotal | 100.0 


TABLE 34, ee ee ere cof Menganiferous ore Ore. | 
sO from Old Dominion Nine 


Specific “i ee TA mn BES sa leee Le "Pergant of total a 
pee a reent | Mn «=, Fe jf. Insol.a’].- ‘Mn 4 Fe sInsol« 
2.9 to 3.0 1.4 28.1 | 2:5 | 41.0° 1.0 1.0 | 229 |, 
3.0 to 3.1, 6.6°-| 33.3! 2.5 | 322 |. 5.4] . 44 ii 10.6 
‘S.1 to 3.2 B61 86.3 | 168+) 29.4.1. 71 4.0 | 11.9. 
$.2 to 3.3 — 4.7 33.7 '° 2.3°| $1.2 3.9} ° 29 + | Med 
3.3 te 3.4 14.0 35.6 | 5.9 25.1 12.3 22.2 | 17.5 
3.4 te 35° 6.9 —343.7- 1 (4.0 15.4. | -'.7.38.]. 7.8 —~6.S 
3.5 ta 3.6 © 7.6 | “41.6 |° 2.7 | .1869° f° 757 54° “FE 
3.6. te 3.7 - 5. 4- 4168 |. 3.2 / 17.38 | 5.6] 9°47 | (4.7 
3.7 .ta 38 | 34.6 | ..1A439 | 2.9 17.0: | 87.5 |. 26.7 -:| - 293 
3.8 to 3.9 | 3.3, | 44.9./ 6.3 | 10.0 3.7 | 46> . 186. 
(3.9 te 4.0 |  6.6-7| 449°]. 9.1] 6.3 92.8 (16.10 fe 17 
44.09 41 [| . 9 | 54.0:| 9./A 1.4 | 1.2 |. 27 wok 
Total .. 40.5 20.0 100.” 100.0 100.0 
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TABLE 35. ~ Float-and-Sink Test of 4-Inch to 10-Mesh 
Qld Dominion Ore 


t 


Weight, Assay, percent Percent of total 
Product percent Mn Fe | Insol. Insel. 
Float on 2.95 29.8 7208 
Sink in 2.95 70.2 95.3 85.7 27.7 
Total eve @ 100.0 100.0 100.0 


TABLE 36. ~- Float-and-Sink Test af 20~ to 35-Mesh 
Page County Ore 


Weight, Assa percent | Percent of total 
Product percent Mn Fe | Insol. | Mn | Fe | Insol. 


Float on 2.95 31.4 
2-95 to 3a 8.2 
5.2 to 3.5 14.5 

Sink in 3.5 45.9 

Total. 3.5 100.6 | 100.0 
TABLE 37. - Flotation Test of Qld Dominion Ore 

. | Weight, Assa percent Percent of total 

Product | percent | Mn | Sid2 | Mn Si0 
" Cleaner concentrates ...ceoe. 14.80 
Cleaner tailings (middlings) 8.60 
TAsd LINES: since vied eee kwee ee ss 76.60 
Composite .........+.-. | 100.0 | 21.28 | 40.85 | 100.90 | 100.00 


Pounds per ton 
_Reagents used Total 


Oleic acid .... 0,06 0.18 
Sodium oleate .. *,06 2 50 

~ Pine: O14" 3454.46 - ele 
Sodium silicate. 1.00 — 8.00 © 
Sodium carbonate. 50 1.50 


1667 =89— 


Google 


I.C. 6768 


Many of the particies of low svecific gravity were flat and shaly. The 
grains of better grace vere of a noaular shape, but except the heaviest, they 
also contained too mucn silica. 


Some of the ore from the Old Dominion property does not contain so much 
shaly manganese material, es shorn by cxanination of another sample that is more 
favorably inclined to concentraticn. & float-and-sinx test of it is shown in 
table Sd. 


The presence of mucr silica in aonarently clean psilomelane grains is com. 
mon in the residual deposits of the Appalachians. Ores of similar character ere 
found in other Virginia deposits end in Tennessee, as has been reported pre- 
viously. 


A float-and-sink test of an ore from Page County, Va. (table 36) shows the 
large amount of gangue contained in nodules of nsilomelane, whicr to the naked 
eye are free of gamwue. Apparently this condition is due to partial replacemen: 
of siliceous gangue mineral by manganede oxides. Grinding to extremely fine 
size is necessary to unlock the manzanese minerals. : 


Attention is called to the fact that the assays for insoluble residues, 
“which include bot: silica and alumina, have been shown in the preceding tests. 
These ores contain mucu alumina, hence tne silica analyses are generally severe! 
points lower than the insoluile analyses. Cleaner ores thaa tiose just cited 
ere believed to be present in the Blue Ridge re;ion, iowever, it is apparent 
that many of the ores are mace up largely; of low-grade manganese minerals that 
will not yield concentrates containing less than about le percent silica. Suck 
concentrates, while not attractive to procucers of ferromanzanese at present, 
rould, hovever, find a reacy market for blast-furnace use and could also be 
utilized for the production of a 70 vercent ferromanganese during emergencies. 


Flotation. - Several flotation tests of Old Domion ore gave fair results. 
Grinding, to 150.mesh did not zive complete liberation, and the flotation con- 
 centrates had a tenor of ebout 12 percent of silice. The nesults of a typical 
test and the reagents used are given in tebdle 7, and incicate a recovery of 
50 percent of the manganese. This ore, however, floated quite slowly, and the 
advisability of applying flotation to ores of this. type is still open to ques- 
tion. | 


Woodstock District, Va. (358) 
Location and Extent 
Because of the development of a large ore body and the erection of a modern 
mill at the Mineral Ridge or Cedar Creek property the Woodstock district requir:: 


attention. The ore formation is also somewhat different from the residual man- 
ganese Cevosits commonly found in the Appalachian region. 


anong the mingenese properties in tne Woodstock district the Cedar Creek 
is outstanding. This property is on manganese Ridge 11 miles north of Woodstoc:- , 
Va., and has an interesting history. Manganese ore was first produced there ir 
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1844, and the mine has been operated intermittently ever since. The production 
of ore in the earlier days was small, and the methods of mining and preparation 
were crude. Hand sorting and log washing were practiced. Estimates place the 
total production until april 1921 as 4,000 tons. The property was acquired in 
1920 by the Hy-Grade Manganese Production & Sales Corporation, which has since 
carried out an-exploration program. Production until 1930 came largely from 
the development work, Some of the ore was hand-picked and the rest treated in 
a small jigging and tabling plant. ‘he value of the output up to 1928, accord- 
ing to C. W. Massie, manager of the property, was {300,000. By 1929 exploration 
had proved the existence of a large ore body. A detailed geological survey of 
the property was made in 1920 by Stose and Miser. | 


Mineralogy 


Pyrolusite and psilomelane are the most important manganese minerals, al- 
though some manganite and wad are also present. At some places pyrolusite ac- 
counts for most of the manganese, while at others psilomelane predominates. 
The pyrolusite is high grade, and mich has been hand-picked and shipped during 
previous years for chemical ore. It is usually fine-grained and crumbles to a 
fine powder when handled. Psilomelane in the ore usually is found as nodules 
with a botryoidal surface and contains an appreciable amount of barium oxide. 
Manganite often is fcund as radiating crystals associated with the pyrolusite 
ana pSilomelene. Very little wad was seen in the samples examined, but accord- 
ing to Stose and Miser some of it occurs disseminated through pyrolusite and 
is said to contain 40 to 45 percent menganese. Associated with the manganese 
minerals are quantities of sandstone, cnert, quartz, and clay and varying amoints 
Of limonite. The phosphorus content of the ore shipped from this property has 
been 0.20 to 0.25 percent. | 


Concentration Tests 


A study of the ore from the Cedar Creek mine indicates that a concentra- 
tion process would consist of two stevs, (1) washing the clay from the mixture 
of manganese oxides and chert and (2) separating this chert from the economic 
minerals. Because much of the manganese is in the form of soft, powdery pyro- 
lusite which slimes badly, precautions must be taken to recover as much of the 
fine mineral as possible. Separation of the coarse minerals from the gangue 
is not particularly difficult. The ore is not badly locked, and crushing to 
one-half inch is sufficient. The predominant gangue mineral other than clay 
is a weathered chert of. quite light weight; tests shored that it had a specific 
gravity of 2.15 to 2.62. In general, the specific gravity of the manganese 
minerals is more than 4, so that there is ample difference between the weights 
of the manganese and gangue to permit separation of the two with jigs and tables. 


Cedar Creek Mill 


Construction of a modern mill, with a rated capacity of 30,000 tons of 
ferro-grade ore per year, was begun in 1929 by the Hy-Grade Manganese Produc- 
tion & Sales Corporation and completed late in January 1930. Inasmuch as this 
mill is the newest in the country and embodies modern methods of concentration 
the flow sheet (fig. 7) will be discussed in some detail. 
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‘Because the general character of the ore treated is much the same as that 
7n residual manganese deposits throughout the Appalachians, the same seneral 
flow sheet, witn small changes. to take care of the peculierities of eaci ore, 
will no doubt be found spplicable to other ores. 


The ore is ee to tne mill eriasly: ‘hich has openings of about 4.5 
inches. The oversize is low-grade and is TEIeeHets and the undersize consti- 
tutes the mill feed. 


The mill feed passes to a troumel with lg-inci. holes, where the screening 
is done without the addition of water. The wncersize is wasned in an Elmore 
washer to remove the clay. The rashed material: passes to a set of rolls, where 
it is crushed to one~half inch. The trommel oversize is crushed separately in 
a gyratory | eee. 


The minus snetuaie inch feed is scréened into 4 sizes by Hummer screens, 
and each of the 5 coarser sizes is tree.ted separately on harz-typve jigs. The 
.. finest. size and the undersize from the’ Eimore washer are deslimed in a Porr 
classifier. The flow sheet shows the sand’ from the Dorr classifier distributes 
to .three te -bles. -A change has since been made so that. the sand product passes 
to.a snydraulic ee and a classified feed is fed to the tables. 


| " Midddings from: ‘the jig are ‘ground in a Hardinge pall mill and pumped bacx 
to. the Klinore washer for re-treatment. “The ‘hutch product from the Harz jigs, 


... plus. the table middlings,. are re-treated ina Janes jig. Slimes frou the Dorr 


- classifier and the hydraulic . classifier: ere eo emeverce ay three cones and con- 
centrated on two- slime: tables... Sarees ti Gee, 

Tne advantage of feeding a Siwawi fued paeeaue Po meues instead of a dis- 
tributed feed was brought out well at this mill. Installation of a multiple- 
spigot classifier resulted in an increase in the capacity,of the tables and a 
decrease in ‘the manganese content of the table tailings from about 11 to about 
2. percent compared ee wenne te: with a distributed feed. 


_ The netalure ical: results at this mill : are ait. satisfactory; tie concen- 
trates are suitable for metallurgical purposes, and the recovery of manganese 
is. hich considering the type of ore treated. It misht be added that the com- 

pany also hand-nicks and cobs some of the ore in the open nit to produce 2 che 
chemical grade product. The output of the mill, :except a small tonnage sround 
’y the company for use in the ceraniic industry. is consumed by steel plants. 


Olympic Feningula. Tash. 
Location and Extent 


For many years, manganese-vearing ores have been known to occur in the 
Clyapic peninsula; but Little attention was given to them-until the discovery 
in 1523 of the Crescent mine, which has produced high-grade metallurgical ore. 

. Since that time prospecting has been done, and outcrops of manganese denosits 
have been discovered; however, none eontetns as. ntehneade ore as that. produced 


by the Crescent: mine, - 
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Figure 7.—Flow sheet of Hy-Grade Manganese Production and Sales Corporation, Cedar Creek Mill, Woodstock, Va 
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The manganese deposits occur in a belt extending ,around.the south, east, 
and north sides. of the. Olympic Mountains ‘from near Humptulips to Beaver Creek, 
west of Lake Crescent, or 110 miles. The Hump tulips deposits are at the south- 
western end of this belt. Between these deposits and the South Fork of Skoko- 
mish River is a 20-mile stretch where monganiferous float hasbeen found, but 
the outcrops have not been. located. A number of mines and prospects are lecated 
between the Skokomish River and Mount Constance, a distance: of 25:miles.” ‘In 
the 20 miles between Mount Constance and.Lake Crescent a few manganiferous out- 
crops have been discovered. ‘The area oetween Lake Crescent: westward to Beaver 
Creek ‘(25 miles) is marked by well-distributed. outcrops, including that of. the 
Crescent mine. The geology of the district has been described in detail by 
Pardee (289). The mineralogy of the various ore peereere i be ‘discussed ‘under 
"Concentration tests." 


high-grade ore was aigceear ae mile west of Lake oogcent in 1923; and 
production began from this property, known as the Crescent mine, in 1924. The 
ore body was tabular (6 to 14 feet thick) and almost vertical. It had a maxi- 
mam pitch length of 180 feet and a maximum slope length of 120 feet. During 
1924, 1925, and 1926 this ore body produced 16,275 long tons: of high-grade man- 
ganese ore and is now thought to be worked out.. Efforts of the operators to 
find other high-grade ores at this mine have not been successful, igxiopie ces con- 
siderable exploration has been done. epee - cae 


The ore at this mine consisted of a hard, dense mixture made up: principally 
of hausmannite, with some bementite and @ manganiferous carbonate. It was of 
excellent quality for metallurgical purposes, as is show by the following ana- 
lysis of shipments made in 1924, aggregating about 5,000 tons: Manganese, 52.88 
percent; iron, 0.83 percent; ‘silica, 8.80 percent; and phosphorus, 0.05 percent. 


Concentration Tests 


Much - of the manganiferous material in the oi aic panineule. ‘Gonetete large- 
ly of the manganese silicates, bementite predominating, with minor amounts of 
manganese oxides, hematite, and quartz... Small deposits of high-grade ore simi- 
lar to that at: the Crescent mine may. be found,.but-it is evident that by far 
the greatest part of the manganese is in the form of siliceous material. Ob- 
viously, ores in’ which the manganese is chemically combined with silica cannot 
be concentrated by ore-dressing methods to produce jow-silica concentratés. 
However, many samples of manganiferous ores from outcrops of the district were 
examined to ascertain their composition. and character and- to determine whether 
any of them could be cleaned by Serr ne ne methods. 

Samples representing the ‘mangeniferous. Mecoslte of the district were ob- 
tained from three general localities: (1) Crescent area (Lake Crescent to . 
Beaver Creek); (2) Constance area (approximately 13 miles west of Brinnon); 
and (3) Humptulips area. (Hump tulips River. Basin, 30 miles north’ of: Hoquiam) . 


Except. for ‘the sample taken. from tine Crescent tunnel all were from surface 
trenches, “no. underground workings having. been opened. . Inasmuch as weathering 


has not altered the deposits more than a foot or so below the surface it is be- 
lieved that the manganiferous deposits will not vary greatly at depth from the 
samples obtained by trenching. The andalysés of the samples and the approximate 
locality from which they came are given in table 38. 
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TABLE 3&. - Locations aaa Analyses of. aaa Waterial 
: from. a Ulyupie Peningula : . . 


- | — oe oe re 
District Mn Fe _Insol. Po, : Deseri one of sample 


Crescent.... 35.9 1.6 22.8 0.041 “General samplé from 3 surface ae 
48.8 .4 15.5°. .058 Selected nigh-grnde specimens 
44,8 1.7 16.1 -- .. State lease claim ~~ } 
26.2 8.2 21.0 ae Low-grade ore “from Crescent tunnel 
Constance... 31.2 17.1 16.5 .079 Elkhorn claims * 
45.4 4.9 22.9 .083 Achilles property 
10.7 «.23.9. 37.4 -- 38 showings, east lead claim No. 4 
26.7. ..9.9 87.1 |. -- Middle lead claim No. 6 
20.6 21.6 22.9." -- West lead claim No. 15 
28.4-18.9 21.8  -- . General sample | 
humptulips.. 14.4 21.6 | 40.9  .062 General sample of outcrop ore 
36.6 ..2.0 27.0 . .050 Selected high-grade specimens 
11.4 32.7 24,6 -- Hand speciuens of typical ore 


The etentalfson all three. districts is similar. The manganese occurs as 
® silicate, and the. phosphorus content is uniformly ‘Low. Tue’ ore from the Cres- 
cent district is characterized by its relztively high. manganese and low iron 
contents. Ore:from the Constance. area is sonenhat ‘lower in manganese and higher 
in iron. The Humptulips ore usually contains considereble hematite and is rele- 
tively low in manganese. 


Crescent area. - Examination of the general sample from this district showe: 
that it was made up of a fine-grained aggregate. of ‘hausmannite and bementite ané 
a complex manganese carbonate... Lyttle free gongue was present, and float—and- 
sink tests showed virtually no-sevaration. A sauple ‘from the State leage @lain 
was the only one which responded to. sravity concentration. This sample was 
hausmannite and a relatively light-weight. manganese silicate. Float-and-sink 
tests of this material gave a concentrate containing | only 4.8 percent insoluble. 
The results of these tests, with,those of the Grescent tunnel sample (which 
proved to be similer to the general sample, excent. that it contained more bemen- 
tite and manganese carbonate) ,. rare given. in table 39. _ 


NO separation could be made.of any. of, phe three, samvles by magnetic methods. 
virtually the entire samole ts B, ooh CRB “being attracted by a high-intensity 


‘Eg « (Stee ) ees et aN . “. ’ 5 . oe eet . 
: ; oo ByeNig “Orit ars nig dates pe Ts ae ye a eee ’ " 
. 


Severance Area. - Most of tlic one frou thie ai strict ae oe anc’ a ac 
and broke with a conchoida):fracture. Bement te, WA8 the predominant mineral, 


but a considerable amount of dense reddish. mineral 3 with a ‘vitreous lustér and 
@ specific gravity,.of 3,1 was also o Beae ees, This Was assuméd to be neotocite. 
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Little free gangue could be observed, and the presence of iron in the oxide 
form could not be detected by the eye. In many ways these ores resemble a slag 
both in appearance and in the manner in which the mineral constituents occur, 
Float-and-sink tests of samples of: these . ores, ‘sized between 2Q-and 35-mesh, 
were very unpromising, only one ore giving a concentrate as low as 15 percent 
insoluble (see table 39). Two of the samples contained material that was 
strongly magnetic and could be separated with a hand magnet. ‘The .remainder of 
the material was attracted by a high-intensity sagnet. The strongly magnetic 
portions were the higher in iron, and it is probable that they contained some 
magnetite particles of minute size, although none were detected. 


Humptulips Area. - The samples from this area contained considerable hem 
tite and appeared to have a much higher manganese. content .than the chemical 
analyses showed. (fhe illusion is due.to the formation of superficial . oxide 
coatings along fracture: planes; and as the ore breaks along these fractures 
many of the particles appear to be solid manganese oxides, while in reality 
all but the outer film of high-grade oxide consists of manganese silicates. 


Float-and-sink tests of tivo samples showed that some enrichment could be 
made by gravity concentration but. that in all probability the concentrates woulé 
contain not less — 20 pepcent Bilica. The results are shotm in table 39. 


Approximately 10 per¢ent of the’ composite sample was strongly aeenetie: 
84 percent was weakly magnetic, and the remaining 6 percent was nonmagnetic. 
The strongly magnetic material is higher in manganese and lower in iron than 
the weakly magnetic portion. This strongly magnetic. condition.can only be ex- 
plained by assuming that the higher~grade manganese oxides are associated with 
@ small amount of magnetite. The iron mineral in the weakly magnetic portion 
is undoubtedly er , The results of. magnetic tests are shown in table 40. 


TABLE 40. etic “Goneea sation of Some Ol; re 


i anesé Ores 20- to 35-mesh z 


Meenetic le —Eercent of ete. 
Samole intensit lo 


-|-: ASsa percent 
: 


Constance | Strongly magnetic. & | 35.1 [16.9 cca 26, > fe; 3 oe : 
(middle Weakly magnetic... so. as 7 i. 6 22.2 73.5 | 68,7 a : 
lead) eneeeed - 4 74.4 


Constance | Strongly magnetic. | poe | a} 1 
(general | Weakly magnetic... Pubs : : ; : JS 
sample) ee oe ac 


Humptulips| Stfongly magnetic. 
(general Weakly magnetic.. 
seimple) seweeaake cs 


Tole ap on 


@eeeskee@ 


1 The strongly magnetic material Was removed_ with 1 2) oor magnet, while the wee x- 


ly magnetic material vas removed with a. ee seUenet Ny magnet. 
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SUMMARY AND CONCLUSIONS 


The supply of domestic manganese ore having over 30 percent of manganese 
in the crude state is not great, but the present investigation indicates that 
the tonnage of ore that can be concentrated to this grade is large. 


In the course of an investigation by the United States Bureau of Mines 116 
ores from 20 States wero examined to determine their amenability to concentra- 
tion. A description of. 17 of the more important manganese deposits, with ex- 
perimental work on ores from them, is reported in some detail. These individual 
reports show tho charecter of the ores and give results indicative of what may 
be expected by concentration. Of the 116 ores examined, 20 may be concentrated 
to meet all requirements for ore suitable for the manufacture of standard 80- 
percent ferromanganese, and 43 were found of suitable comoosition for use in the 
. production of spiegeleisen cr high-manganese pig iron. 


During the investigation a flotation method for the treatment of both car- 
bonate and oxide ores was developed. This process depends on selective flotation 
cf the manganese oxide and carbonate minerals away from the gangue by the use of 
fatty acids of fatty acid soaps and suitable conditioning agents, such as sodium 
silicate, and a frothing agent. For most ores an alkaline circuit is necessary, 
but in some instances the use of a slightly acid circuit in the cleaning stages 
is desirable. This process is especially applicable to the treatment of the 
low-grade carbonate ores of the Butte district. The Anaconda Conper Mining Co. 
has demonstrated successfully the practicability of the flotation of these ores 
and has produced low-phosphorus concentrates which when sintered have 60 to 62 
percent manganese and about 7 percent silica. The cost of milling ores by this 
process, according to company officials, is $1.00 to $1.50 per ton, and the by- 
product value of the metallics recovered incident to the flctation of the man- 
ganese will compensate for about half of this cost. 


Particular attention has been given the ferrugincus manganese ores of the 
Cuyuna district, Minn. The close association of the iron and manganese minerals 
prevents the production of ferro-grade ores from such material by existing ore- 
dressing methods. However, mich of the silica can be eliminated by these meth- 
ods, making the ore suitable for other metallurgical purposes. A 3d0-percent 
splegeleisen is probably the highest allcy of manganese that can be manufactured 
directly from the concentrates. 


In the summer of 1930 a 10-table pilct plant with a supplementary flotation 
unit was built and operated at Crosby, Minn. It demonstrated that certain men- 
ganiferous ores of that district could be concentrated. During the summer of 
1931 this plant produced approximately 25,000 tons of concentrate containing 
less than 10 percent silica from ore formerly regarded as untreatable. 


Due to the physical and chemical nature of the ores, the concentration of 
the large low-grade deposits of the Chamberlain (S. Dak.) and the Kingman (Ariz.) 
districts by standard ore-dressing methods does not appear promising. The use 
of such ores depends on the successful development of leaching or pyrometallur- 
gical processes. 
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. The aintiganiferous, denosits of the cree Peninsula of Washington are ler-¢. 
ee ‘mangenese silicates. Ore-dressing methods in a few instances can. be used to 
reject some of the gengue, but in general such methods fail. It is possible tet 
some of the ores from the district may be used for the manufacture of silicomn. 
Ganese or silicaspiegel vithout concen irevace. Suck metiuods have not, horever, 
been €eveloped. __ : Pie ve 

‘The supplies of ferruginous wanganese ores, manganiferous iron ores, and 
zine residues from the plants of the New Jersey Zinc Co. are believe to-be en- 
Bader adequate to fill the requirements for the production of spiegeleisen ani 

nanzaniferous pig. iron. ‘The adequacy ‘of the reserves ore of ‘this ‘ype have 
never, been seriously questioned. _ ee 

As in the past, Georgia, Virginia, and New Mexico will contimue to produce 
mengenese ore. The amount will depend on the demand. 
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